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Sanford W. Wilson, class of ’48 


speaks from experience when he says... 


“U.S. Steel offers a great combination— 
opportunity, security and an interesting job” 


NY R. WILSON was interviewed by US. Steel 
representatives in March of 1948. After 
receiving his B.S. in Chemical Engineering 
in June, he chose his U.S. Steel offer over 
several other job offers and began working 
at the huge Gary Works as a Foreman 
Relief Trainee. He gained experience in 
the Blast Furnace Department and in the 
front office learning the business end as 
well. In November of 1954 Mr. Wilson was 
made assistant to the superintendent of 
blast furnaces at Gary. His duties now in 
clude developing data for control of pro 
duction, quality of materials, costs, and 
making technical reports. In addition, he 
directs the activities of Technological Co 
Ordinators and part of the training of 
management trainees 

Mr. Wilson is naturally pleased with his 
progress at U.S. Steel and he feels that 
U.S. Steel offers qualified and ambitious 
engineers the very best in three important 


OIL WELL SUPPLY TENNESSEE COAL & IRON 
UNITED STATES STEEL HOMES, INC. 


* UNION SUPPLY COMPANY - 


areas—opportunity, security and an inter- 
esting job. 

He says, “Opportunity is unlimited at 
U.S. Steel and openings for advancement 
are frequent.” In addition, Mr. Wilson 
feels that U.S. Steel affords a secure future 
because of the basic nature of the steel in- 
dustry and the constant need for engineering 
talent. But most important, Mr. Wilson is 
deeply interested in his job because he 
knows he is really playing a vital role in a 
vital business. And he says, ““The steel in- 
dustry has many facets and is constantly 


changing. Talk to anyone who has been in 
the steel industry for any time and he will 
tell you that steel has gotten into his blood.” 

If you are interested in a challenging and 
rewarding career with United States Steel 
and feel that you can qualify, you can ob- 
tain further information from your college 
placement director. Or we will gladly send 
you our informative booklet, “Paths of 
Opportunity,” upon request. Just write to 
United States Steel Corporation, Personnel 
Division, Room 1622, 525 William Penn 
Place, Pittsburgh 30, Pa. 


SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TV program 
presented every other week by United States Steel. Consult your local 


newspaper for time and station. 


UNITED STATES STEEL 


AMERICAN BRIDGE . . AMERICAN STEEL & WIRE and CYCLONE FENCE . . COLUMBIA-GENEVA STEEL . . CONSOLIDATED WESTERN STEEL . . GERRARD STEEL STRAPPING . . NATIONAL TUBE 


UNITED STATES STEEL PRODUCTS . . UNITED STATES STEEL SUPPLY . 
UNITED STATES STEEL EXPORT COMPANY 


. Divisions of UNITED STATES STEEL CORPORATION, PITTSBURGH 


* UNIVERSAL ATLAS CEMENT COMPANY 
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Automatic testing and recording 
permits accurate evaluation of a 


greater number of resistors 


‘2 = @&@ ONLY IRC MAKES SO MANY 


BASIC REQUIREMENTS 


JAN and MiL Specifications are basic 
guideposts for electronic advance- 
ment, whether used os engineering 
reference points or as procurement 
stondards. IRC'’s duc! emphasis on 
mass production and exacting testing 
assures highest performance standards 
at lowest possible cost. 


SPECIFIC EXAMPLES 
ee ee 


Type BT insulated Composition Resistors 
MIL-R-11A Specification 


y rm 


IRC Power Wire Wound Resistors 
MIL-R-268 Specification 


"Type BW Low Wattage Wire Wounds 
JAN-R-184 Specification 


_ > Sealed Precision Voltmeter Multipliers 
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JAN AND MIL TYPE RESISTORS 


. . another reason why engineers prefer IRC Resistors 


56 different IRC resistors is today’s figure—all equiva- 
lent to JAN or MIL specifications. Manufacturers of 
military equipment who must meet these specifications 
depend on IRC for all their resistor requirements. 
Offering the widest line of resistors in the industry— 
138 different types in all—IRC is the logical source of 
JAN and MIL type units. 


INTERNATIONAL 
RESISTANCE CO. 


401 N. Broad St., Phila. 8, Pa. 
Uneven the Cincuil, Ses “WV _~—sIn Caneda: International Resistance Co., Toronto, Licensee 





brand 
new 
world 


As a major step in its pace-setting program of 
advance planning, The Glenn L. Martin Company 
has expanded its operations into the field of 
nuclear power. 

This means that a top team of scientists, physi- 
cists and engineers is being integrated under the 
Martin method to carry on a planned, long-range 
program in this tremendous new science. 

There are exceptional opportunities for creative 


engineers. 


AVE ZA FET 8 Re 


BALTIMORE: MARYLAND 
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One of Western Electric’s automatic produc- 
tion lines used in making the revolutionary 
new wire spring relay. 


So great was the departure in design of the new Bell System 
wire spring relay as compared with conventional relays that 
it posed a major undertaking for development engineers at 
Western Electric, the manufacturing and supply unit of the 
Bell System. Indeed, it was an undertaking that called for 
new machines and new methods -tecause nene was available 
to do the job. 

Longer. life, higher operating speed, lower power con- 
sumption, and lower manufacturing cost were some of the 
advantages promised by the new relay design. Engineers 
reasoned that a lower manufacturing cost could be achieved 
through greater precision in manufacture (which would cut 
adjustments) and through extensive use of automatic 
processes. 

One of the products of this reasoning is pictured at the 
top of this page. This battery of equipment, developed by 
Western Electric product engineers, constitutes one phase 
of wire spring relay manufacture, which automatically per- 
forms several separate operations. Its function begins after 
one of the fundamental elements of the new relay has been 
fabricated. This element, known as a “comb,” consists of a 
multiplicity of small diameter wires in parallel array im- 
bedded for part of their length in molded phenol plastic. 


These molded elements, of which there are two types used 
in the new relay, are delivered to this line of machine units 
in magazines. By fully automatic means they are removed 
from the magazine, carried by a reciprocating conveyor 
through each of the several processes and, when completed, 
placed into another magazine to await further assembly. 


Between the first and final magazine the automatic bat- 
tery of equipment does the following operations: clips wire 
ends, attaches palladium contacts to wire ends by means of 
percussion welding, sizes contacts, forms terminal, tension 
bends wires, fluxes and tins terminals. 


Most remarkable of all is the fact that this is a precision 
operation throughout. For example, the small block con- 


AUTOMATION at wor 










How a revolutionary new design was 
translated into a production reality 








1. SUPPLY MAGAZINE 7. SIZE CONTACTS 

2. CLIP WIRE ENDS 8. SCRATCH BRUSH TERMINALS 
3. CONTACT TAPE SUPPLY 9. FORM TERMINALS 

4. WELD CONTACTS 10. TENSION BEND 

5. CONTACT TAPE SUPPLY 11. FLUX & TIN TERMINALS 

6. DRIVE UNIT 12. FINISHED PARTS 


Single Wire Comb with Percussion Welded Contacts, 
Wire Spring Relay Designed by Bell Telephone Laboratories 


One type of “comb” element is shown at top while a com- 
pleted wire spring relay is below. The small blocks of metal 
on the ends of the wires are cut from a composite tape dur- 
ing the automatic multiple percussion welding operation. 
“Contact conditions” are determined by the code of relay 
being manufactured and may vary greatly. 


tacts, which are percussion welded to the tips of wires of 
one type of “comb,” must be located on the same plane 
across the twelve contact positions to within a tolerance 
of + .002”. 





MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 


Manufacturing plants in Chicago, Ill.; Kearny, N. J.; Baltimore, Md.; Indianapolis, Ind.; Allentown and Laureldale, Pa.; Burlington, 
Greensboro and Winston-Salem, N. C.; Buffalo, N. Y.; Haverhill and Lawrence, Mass.; Lincoln, Neb.; St. Paul and Duluth, Minn. 
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Distributing Centers in 29 cities and Installation headquarters in 15 cities. Company headquarters, 195 Broadway, New York City. 
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general motOrs: 
technical (> 
center.“ 


GM Positions Now Available 
in These Fields: 


MECHANICAL ENGINEERING 
METALLURGICAL ENGINEERING 
ELECTRICAL ENGINEERING 
INDUSTRIAL ENGINEERING 
CHEMICAL ENGINEERING 


OPEN DOORS 
FOR 


ENGINEERS 


Now more than ever, our nation needs engineers in 
top policy-making positions. 
That’s what Alfred P Sloan, Jr. recently told the 


American Institute of Consulting Engineers. 


The Chairman of the Board of General Motors said, 
“We need the respect that the engineer has for basic 
facts. We need his analytical frame of mind. We 
need his imagination. We need his contact with inter- 


pretation and control of the physical forces. 


“Such is the type of discipline, as I see it, that is 
sure to contribute to a maximum degree of order 
and sense in our complicated economy — and pro- 
mote the best and most efficient use of our national 
resources, both human and material.” 


Of course, these words — so typical of GM’s entire 
outlook — foretell great things for engineers in the 
country at large. But even more, they explain why 
career opportunities for good men are so exceptional 
here at General Motors. 


We invite you to write for “The College Graduate 
and General Motors,”’ a booklet that should 
encourage you to see the GM College Representative 
when he visits your campus. 


GENERAL MOTORS CORPORATION 


Personnel Staff, Detroit 2, Michigan 
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NEW MISSILE SYSTEMS 


RESEARCH LABORATORY 


> 


The technology of guided missiles poses increasingly complex 


problems in virtually every field of science. 


To provide physicists and engineers with the most modern 
facilities for meeting those problems, Lockheed 

Missile Systems Division has begun construction on a 
laboratory for advanced research—first step 


in a $10,000,000 research laboratory program. 


Scheduled for occupation in eariy fail of 1955, it will augment 


existing Missile Systems Division facilities. 


Individuals able to make significant contributions to the technology 
of guided missiles are invited to contact their placement officer or write us. 


bil... SYSTEMS DIVISION 


research and engineering staff 


LOCKHEED AIRCRAFT CORPORATION e VAN NUYS*CALIFORNIA 
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There’s little doubt about the fact that rubbing shoulders with success, early in your career, is 
one of the best ways to assure your own long-range success. 







You'll find this especially true at Sylvania, where, in one company, so many of the positive factors 
essential to engineering achievement are combined in full measure: 






DIVERSITY — Syivania's 9 divisions developing expanding our activities in the field of atomic 
and manufacturing products ranging from tele- energy and new areas of electronics. 


vision sets to fluorescent lamps, from electronic 
devices to fuel elements for nuclear reactors, pro- STABILITY — Founded in 1901, Sylvania has 


vide the breadth of experience to help direct you grown into an organization of 45 plants and 11 








into the work you most prefer in our organization. 


GROWTH AND EXPANSION — In the 
past 6 years alone, our sales have tripled, our 
engineering staff has doubled to keep pace with 
the demand for Sylvania products. And, we are 


laboratories in 11 states. In addition to the develop- 
ment and manufacture of our own Sylvania con- 
sumer products, we are also privileged to provide 
elements and parts that are the heart of hundreds 
of industrial and consumer products of other manu- 
facturers, which adds to our cheracteristic stability. 
















An aggressive, forward-looking company with all the drive and vigor of youth . . . whose average 
executive age is only 45 .. . Sylvania can provide the environment of success and encouragement 
that will help you build a highly satisfying professional future. 






For detailed information, see your College Placement Office, or send for our comprehensive bro- 
chure, “Today and Tomorrow with Sylvania,” by writing to Supervisor of Technical Employment. 


SYLVANIA 


1740 Broadway, New York 19, N. Y. 








Sylvania Electric Products ine. SS 
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1955 — B-47 Stratojet assembly, Boeing Wichita Division 


Boeing offers engineers long-range careers 


Throughout its 38-year history, Boeing 
has consistently pioneered advanced new 
types of military and commercial aircraft, 
and new methods of production. This 
history of leadership has meant con- 
tinued growth for the company. It means 
continued opportunities for Boeing 
engineers to move ahead according to 
their ability in Research, Design and 
Production. 

Today Boeing is producing the jet 
age’s outstanding bombers, the B-52 and 
the B-47. Other Boeing projects that 
mean continued growth and stability in- 
clude: America’s first jet transport (the 
Boeing 707). Research in nuclear- 
powered and supersonic flight. And one 
of the nation’s major guided missile pro- 
grams. These and other new-horizon 
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projects are expanding at such a rate that 
Boeing now employs more engineers than 


even at the peak of World War II. 


The high inherent interest of these 
programs, ‘together with the stimulation 
of expanding opportunities, add to the 
stability of careers at Boeing. One meas- 
ure of stability is given in this chart. 


10% 20% 30% 40% 50% 


ete | 


It shows that 46% of Boeing engineers 
have been with the company for five 
or more years; 25% have been here 10 or 
more years, and 6% for 15 or more years. 
Another measure is the increasing pro- 
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portion of engineers to total employees. 

Fifteen years ago the figure was one to 
16. Today one out of each seven em- 
ployees is an engineer. 

Boeing promotes from within and holds 
regular merit reviews to assure individual 
recognition. Engineers are encouraged to 
take graduate studies while working and 
are reimbursed for all tuition expenses. 

Boeing has openings for virtually all 
types of engineers—electrical, civil, me 
chanical, aeronautical and related fields, 
and for applied physicists and mathema- 
ticians with advanced degrees. 


For further Boeing career information 
consult your Placement Office, or write: 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Company, Seattle 14, Wash. 
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SEATTLE, WASHINGTON WICHITA, KANSAS 
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the new ether theory 
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by Barry Mazur, ‘58 





Physics originated, as did all science, for the 
main purpose of answering a specific question 
that recurred in the thoughts of man. It owes its 
existence to the fact that man is intensely inter- 
ested in the nature of his surroundings, and even 
more intensely bewildered by it. 

How far has man penetrated the bewilderments 
of his universe, since the time he set out to ex- 
plain it? That is a very broad question. A simple 
answer to it might be, not very far. It has not 
settled anything. To be sure it has unravelled 
some; it provides for us a very interesting view 
of the events in our universe; it ties one event in 
with another. The question I have just posed is 
very deceiving, for I do not intend to answer it, 
nor could I possibly answer it if I wanted to. 
What I hope to do is to examine the way in which 
physics “explains” simple phenomena; to bring 
up the not very profound question, is it ex- 
plained? And in the light of that, to introduce 
a comparatively new theory as to the nature of 
the universe. 
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What is an explanation? It depends mostly on 
the sort of rules of the game that you allow. The 
basic rules or modus operandi of any science 
should be such as to motivate it towards answer- 
ing the question it wants to settle. Let us begin 
with a simple example. Newton set out to find the 
motion of rigid bodies in space, That, in effect, 
was his basic problem, his point of departure. He 
considered himself to have solved the problem 
only after he was able to characterize and pre- 
dict, so he thought, any type of motion when 
given appropriate data beforehand. Did Newton 
explain how rigid bodies move? Well, that de- 
pends entirely upon the level of penetration that 
you expect of an explanation. It depends upon 
how you want it explained. 

The ancients were puzzled by the motion of an 
arrow through the air. How, they asked, could 
the arrow traverse the distance, if at any point 
during its flight it is at rest (for the moment it 
occupies that point) ? 

The answer to that question is not apparent. 
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Newton does not satisfactorily meet that particu- 
lar problem either. That query, which owes its 
existence to Zeno, the Eleatic, has its roots in 
something deeper than the mere equations that 
describe what the arrow does. It points its finger 
toward the very meaning of velocity, displace- 
ment in space, and space itself. For how is the 
arrow carried along? Physics text books reply, 
“The body in question has a velocity or momen- 
tum.” It must mean something, then, to have a 
velocity. What is it that bodies possess, to make 
them displace in space? Is it a fluid cf some sort, 
that permeates the body? Certainly, one could 
not say that this property of the body, velocity, 
is inherent in it. The relative character of veloc- 
ity is quite obvious to everyone. The confusion, 
then, is there; we do not have any notion of the 
‘manner in which an object traverses a distance 
in space. Furthermore if we expect the matter 
ever to be settled, we must choose that type of 
an explanation with which we would be satisfied. 
An explanation that would involve demons and 
ogres, clearly would not put the problem to rest 
forever in one’s mind. Our explanation would be 
required to present the solution in terms of 
things that have been previously experienced by 
us. Hence, the terminology is very restricted. It 
is refined by the demands we place on an accep- 
table explanation. 

Let us take another interesting example, for 
the moment. If a boulder is placed on a cliff, you 
may, by exerting a little effort persuade the boul- 
der to go rolling down the cliff, rapidly picking 
up speed, and doing a tremendous amount of 
work before it finally comes to rest again. Phys- 
ics answers the question posed there very simply. 
They reply that the boulder had a store of poten- 
tial energy, which was used up as it went bound- 
ing over the cliff. What then is this potential en- 
ergy that is stored up in things, and depend upon 
the position that the thing occupies? It seems to 
fit very neatly into the little system that physics 
has set up, the equations balance, but as an ex- 
planation, it is akin to one’s attributing the move- 
ment of boulders to demons. Upon superficially 
examining an object, we may notice its color, 
scent, size, shape, hardness, etc., and come to the 


conclusion that we have exhausted all of the 
properties of that body. Physicists tell us that we 
are quite mistaken. There exist, over and above 
all directly sensible properties, those inpenetra- 
bles such as velocity, and potential energy stored 
up somewhere in it. There may be two points 
over which confusion originates. The first is in 
the terminology. There is no reason to expect the 
concepts that physicists deal with to be expres- 
sible in simple sentences. The second cause of con- 
fusion is in expecting this potential energy to re- 
side in the body, or in some portion of the body. 
To do that would be to grant it a sort of concrete 
existence, something that a physicist would 
deny. The main point of consideration, however, 
is the fact that it is necessary, in order to “ex- 
plain” the phenomena of the boulder, for physi- 
cists to “invent” certain concepts, and attach 
them to bodies as inherent properties of the 
body. ‘ 

Let us go back to the paradox of Zeno. The par- 
adox wishes to impress upon one the fact that if 
you were to take a snapshot of the arrow, at any 
position in its journey from one point to another, 
one would see the arrow perfectly at rest. How 
then did the arrow traverse the distance? 


It requires a solution that transcends the con- 
cepts of velocity, or any other construction pa- 
per. It calls for something that appeals to the in- 
tuitions; it must be dealt with directly. It is al- 
most as if there can be no acceptable explana- 
tion of it, for we demand too much of an explana- 
tion. 


How rigidly shall we limit the use of impene- 
trable physical concepts in the explanation of the 
physical? By talking in terms of potential en- 
ergy and velocity, and momentum, we are per- 
fectly certain of their significance in mathemati- 
cal terms, but we are very hazy of their actual 
meaning, their validity in the sphere of the con- 
crete. To list as the cause of a physical phenom- 
ena, “momentum” of the object undergoing that 
phenomena, is to attribute the cause of a real 
happening. The concept doesn’t exist. To be guilty 
of this is to open one’s self to a whole barrage of 
philosophical interrogation as to the real nature 


of physical cause and effect. Can 
some concept which has no ac- 
tual existence in the realm of 
physical objects exert a “real” 
effect on those objects? If it 
can, then under what mecha- 
nism is it operating? 

It can be seen at a glance 
that the problems such an ‘“ex- 
planation” poses are even graver 
than the problem it actually set 
out to solve. When dealing, then, 
with such concepts, we must 
be very careful to subordinate 
them, never allowing them to 
assume a dominating role. It is 
the physically real, the concrete 
and only the concrete that can 
produce a real effect. 

What happens, then, to the 
explanation of why the boulder 
bounds down the mountainside? 
It is not beyond repair, but it 
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rests on some shaky ground. 
First, a quality is attached to 
the boulder which is not too ob- 
vious—potential energy. Then 
this fictitioys quantity is offered 
as the cause of the boulder’s 
rolling down the mountain. 

The above analysis detracts 
little or nothing from the fact Ac 
that physicists have succeeded ate 
in finding out what happens. It 
is in the attempt to tie in ob- 
servation and form an_inte- 
grated system which satisfies 
the curiosity of man to know 
why; there is where progress 
is slow. One may say, that is 
not the job of the physicist. 
Rather is something to puzzle 
the philosopher. The quantum 
physicists such as Dirac, and 
Heisenberg, refuse to offer pic- 
torial models of their concep- 
tions of the physical uni'verse. 
Why should the atom and the 
electron conform to any dia- 
gram? Why should man be so 
ego centered as to believe that 
the workings of the universe 
can be made understandable to 
his feeble mind? Why should 
there be an answer to the ques- 
tion—Why? 


What is said may very well be true, but still 
the question remains unanswered, Why? 

That we have accomplished little in the way of 
physical explanation points towards the difficulty 
of the task ahead for the physicist. If he restricts 
himself to just observation, and the recording of 
phenomena, he finds that he has a much easier 
job than if he were to seek the underlying reason 
for the occurrence of the phenomena. 

Let me present the following physical prob- 
lem. Suppose that a man was holding onto one 
end of a thin rope, the other end of which was 
fastened to a post. Suppose also, that he juggles 
the rope in such a manner that he produces a 
standing wave in the rope, as in fig. 1. The main 
characteristic of the standing wave is that there 
exists somewhere along the rope, a point that re- 
mains at rest. It is called a node. The entire rope 
oscillates, every point on the rope moves, except 
the node. Let us assume that while the man is 
juggling the rope in that manner, one supported 
the node-point by an exceedingly thin post, (fig. 
2). Since the point is perfectly at rest, the ap- 
pearance of the thin post supporting that sta- 
tionary point should impede the motion of the 
rope in no way. The question I pose is this: The 
man is exerting energy to set the rope in motion. 
This energy is “transmitted” in some way 
throughout the length of the rope, to the other 
end. How does the energy get past the node-point 
of the rope? This involves the question: How does 
the energy get transmitted? An explanation to 
that would entail clearing up what is meant by 
energy being “transmitted”. No one, unfortu- 
nately, has the answer. If we consider this con- 
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cept, energy, to have any ability to be “trans- 
mitted” as modern physics does, then we are faced 
with the problem of what actually composes it, 
and where it resides, if it does at all. Is the en- 
ergy, in that diagram, travelling inside the rope, 
or around the rope, or is this a meaningless ques- 
tion? 

There is a close electromagnetic analog to this 
dynamic problem that I have posed. In a trans- 
mission line, there exists every half wave length 
along the line, a point at which there is no elec- 
tric field, no voltage across the two wires, (The 
half wave length being of the frequency of volt- 
age energizing the line.) (fig. 3). On those trans- 
mission lines it is possible to brige the two wires 
at the electric node-point with a metal bar, and 
the same electric, and magnetic field occurs past 
the node-point, (fig. 4). It is clear that the two 
events are very similar. The question that arises 
in both instances is how is the energy trans- 
mitted. It can be almost satisfactorily explained 
in the electromagnetic case by considering the 
energy to be contained in the electromagnetic 
field between, and around the wires, and not in 
the wires themselves. Of course, such an explana- 
tion is not free from loopholes, however, it is 
more successful than any theory has been to ex- 
plain the dynamic counterpart. It becomes evi- 
dent that we are to look for the solution of that 
dynamic problem in our mode of viewing energy, 
and its transmission, 

A few years ago, the British philosopher, H. L. 
Samuel, introduced a new theory for the explana- 
tion of physical phenomena that seems to clear 
up this incident. 










The New Theory 

Dr. Samuel, in order to get around the philo- 
sophical contradictions of physicists delegating to 
non-existing concepts the power to operate upon 
the real world, postulated an ether. It is quite a 
simple postulate resorted to by physicists before 
but never with such interesting results. The The- 
ory of Relativity as presented by Einstein con- 
sidered matter to produce certain effects upon 
space. In brief, space was reshaped by the pres- 
ence of matter. In order for this to be possible, 
says Dr. Samuel, space has to exist. There must 
be some substance, some interior construction of 
space to exist first, before any change in the 
structure can possibly be brought about. To an- 
swer, saying that space is composed of nothing, 
but is merely extension, is to deny that it can be 
acted upon in any way. In the light of that rea- 
soning, Dr. Samuel maintained that space must 
consist of something. This something he named 
as “quiescent energy”. Energy, postulated Dr. 
Samuel, exists in two forms; it exists in an ac- 
tivated form, such as light, heat, etc., and it also 
exists as a quiescent state, only exhibiting its ex- 
istence when activated. 

It is a simple assumption, on the surface, Let 
us see what the theory contributes in the way of 
explanations. 

The theory says that the construction of en- 
ergy is such that it exists in two distinct forms. 
The quiescent form pervades the atmosphere. The 
activated form is the energy about which we usu- 
ally speak. Quiescent energy, which can be found 
throughout space, can be stirred up by an impe- 


tus into the activated variety. This quiescent en- 
ergy is what we call ether. What about the 
“transmission” of energy? It will be remembered 
that this caused us a bit of trouble before. We 
were at a loss as to how to explain how, or what 
actually happens when energy is transmitted. 
Employing the two-state ether hypothesis, we 
can now attempt at some thing that may satisfy 
our curiosity somewhat. Energy transmission 
isn’t really transmission any more. Using this 
theory, one could say that it consists of distur- 
bances in the ether. Activated energy disturb- 
ing the quiescent energy adjacent to it into activ- 
ity, carries the impulse along. That energy in 
turn activates the quiescent ether adjacent to it, 
and so on. Rather than considering any concrete 
substance to be moving from one point to an- 
other, as it appeared before, we now consider 
energy radiation to be just a change, an activa- 
tion in the structure of space, where the change 
itself is the only thing that moves through space. 
The use of the word energy may lead to a bit of 
confusion, at this point. Dr. Samuel refers to 
this perturbation as energy. I believe, however, 
that it would be more profitable to think of both 
types of energy as merely manifestations of the 
inner fabric of space. Whatever this fabric may 
ultimately be discovered to consist of does not 
concern us. The main point for consideration is 
that modern relativity theory tacitly presupposes 
the existence of a structure in space, Rather than 
to disregard the fact, or attempt to explain in- 
adequately, it should be worked in with The The- 
ory, which is what Dr. Samuel has done, 





SO LITTLE 


You’re looking at a kilowatt-hour* of electricity in its 
raw state—coal. This lump of coal weighs only 12 
ounces. Not too long ago, the amount of coal required 
to produce a single kilowatt-hour of electricity was con- 
siderably larger and weighed 5 pounds. The difference 
between yesterday’s 5 pounds and today’s 12 ounces lies 
in improved steam technology, in better boilers—operat- 
ing at higher pressures and temperatures—to make the 
steam that spins the turbines to make electric power. 


Impressive as this progress appears, it represents only 
the current level of accomplishment in the quest for more 
and still more efficiency. Thanks to America’s power en- 
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gineers, continuing advances in the fields of metallurgy, 
combustion and design will make it possible to squeeze 
even more energy from a lump of coal. 

*A kilowatt-hour will give you the power for, among other things, 10 


solid hours of radio and recorded music, 14 hours of fan-cooling, 
better than 4% hours of refrigeration operation. 
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We are about to tackle the dilemma of motion, of momentum. 
When we propei an object, says Samuel, and the object traverses 
a distance, what moves the object? If it were a bird flying through 
the air, and we were asked this question, we might cursorily brush 
it off by saying that the bird moves itself through the air. The ob- 
ject, however, does not move itself; the object is moved. There 
must be something, then, between the point of departure, and the 
point of termination of the object to carry it; there must be some- 
thing, some media to do this. Continuing on from there, one neces- 
sarily must postulate an ether. 

What about the ether? What activates it? Why? Dr. Samuel 
adopts the theory that it requires a sort of minimum strength to 
activate the ether, something like a quantum of energy. If I throw 
a ball into the air, then, what I do is to set the ball in motion, 
whereupon it makes an impact on the portion of quiescent energy 
adiacent. If this impact exceeds the minimum, this activates the 
quiescent ether. The surrounding ether then in turn activates the 
quiescent ether beyond, and so on. This dynamic activation carries 
the ball onward through its path in space. 

Let us return now to the question of the man juggling the 
rope. An explanation to it is much more easily forthcoming now. 
A mere application of the ether theory resolves it. It is set in mo- 
tion by the exertion of the man, and the energy disturbation is 
carried along by the ether, which isn’t bothered at all by the im- 
pediment of the fence-post. You’ll notice that Professor Samuel’s 
theory offers a solution to this problem that closely parallels the ac- 
cepted solution of the electromagnetic counterpart. 

As regards to potential energy, Dr. Samuel says in “Essay in 
Physics’, “An ether theory would deny the existence of any ‘store 
of potential energy’ capable of being ‘released’, like water from a 
cistern when a tap is turned on, It would regard as meaningless, 
when applied to a passive object like a billiard ball, such terms as 
‘giving up’ or ‘transferring’.” 

The effect of gravitation, continues Samuel, is also due to ra- 
diation of quiescent energy disturbances. The difference between 
our boulder, when it occupied the position upon the cliff, and when 
it finally came to rest at the foot of the mountain, is that the ether 
disturbances due to gravitation were capable of operating on the 
boulder at one time, and are no longer capable of operating on it 
when it rests on the ground. 

A phenomena that is brilliantly accounted for by the Samuel 
Theory is the Doppler Shift. It appears that the frequency of light 
rays coming from distant stars is shifted slightly to the red, the 
quantity of shift being proportional to the remoteness of the star. 
The hypothesis toyed with by physicist to explain this phenomena, 
called the Doppler Shift, is that all the stars are receding from 
each other at a rate that is proportional to the distance. Clearly, 
this isn’t too satisfactory a theory, and many physicists never ac- 
ceded to such a theory. If one attempts to explain it by way of 
ether, one would say that some minute quantity of energy is re- 
verted to quiescence, as the disturbance gets carried along through 
space. In that, the frequency of a particle is directly associated with 
the energy of that particle of light, that accounts for the shift. 

Objections to the theory are obvious. One may very well have 
recoiled in horror at the exposition of the theory with an exclama- 
tion something like this, “Say, if he believes in any of Einstein’s 
stuff, he must consent to the fact that our meager conception of 
energy varies annoyingly with the speed of the observer.” In a 
word, it’s relative. If his ether, therefore, is energic, we might ask 
“energic with respect to what? Is it quantitative? Is it motion- 
less (awful word!) ... He is terribly vague—He sounds like Dem- 
ocritus or someone.” 

In truth, the theory is terribly vague. The author does try to 
employ it as a panacea. He, of necessity, cannot shield the theory 
behind anything remotely resembling an iron-clad roof. The main 
accomplishment of the theory has been, however, to show that 
physics should, and can be made to make sense philosophically. It 
tries to dispell from the terminology of physics the remnants of 
mysticism, and to demand from it a more coherent and deeer ap- 
proach toward physical explanation, 
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A Tower of 


Opportunity 


for America’s young 
engineers with capacity for 
continuing achievements in 

radio and electronics 


Today, engineers and physicists 
are looking at tomorrow from the 
top of this tower... the famed 
Microwave Tower of Federal 
Telecommunication Laboratories 
...a great development unit of 
the world-wide, American-owned 
International Telephone and 
Telegraph Corporation. 

Here, too, is opportunity for 
the young graduate engineers of 
America . . . opportunity to be 
associated with leaders in the 
electronic field... to work with 
the finest facilities ... to win rec- 
ognition ...to achieve advance- 
ment commensurate with 
capacity. 

Learn more about this noted 
Tower of Opportunity...its long- 
range program and generous em- 
ployee benefits. See your Place- 
ment Officer today for further in- 
formation about FTL. 


INTERESTING 
ASSIGNMENTS IN— 
Radio Communication Systems 
Electron Tubes 
Microwave Components 
Electronic Countermeasures 
Air Navigation Systems 
Missile Guidance 
Transistors and otfer 
Semiconductor Devices 
Rectifiers * Computers * Antennas 

Telephone and 
Wire Transmission Systems 


Federal 
Telecommurtication 
Laboratories 


A Division of International 
Telephone and Telegraph Corporation 
500 Washington Avenue, Nutley, N. J. 





TO HANG WALLPAPER... 


HOW 
HERCULES 
HELPS... 


Most businesses are helped today by Hercules’ 

business . . . the production of synthetic resins, 
cellulose products, chemical cotton, terpene 
chemicals, rosin and rosin derivatives, chlori- 
nated products, and many other chemical proc- 
essing materials—as well as explosives. Through 
close cooperative research with its customers, 
Hercules has helped ‘mprove the processing or 
performance of many pruducts. 


& 


uses Hercules® CMC to provide a non-staining type paste with adequate slip, 
permitting ample time for aligning patterns. And to retain its strength when 
wet, pre-pasted wallpaper relies on Kymene® resin. 


PRE-PASTED WALLPAPER, such as that manufactured by The Birge Company, 
TO MAKE MOTORING EASIER..: 


3 ' ‘ BETTER DRIVING is in store for vacationists on highways and 
200 MILLION COPIES of pocket-sized, paperbound books are sold in the nation bridges protected during winter against ice or snow with 
every year. Hercules resins go into the overprint varnishes that brighten up Vinsol®, a Hercules-pioneered air-entraining agent in the 
their covers and encourage impulse sales. Other Hercules chemical materials cement. Also, Parlon®-based paints find wide use for road 
are used to improve the quality of the paper and printing ink. and crosswalk markings, and other traffic safety devices. 
' 


HER CULES HERCULES POWDER COMPANY 


Wilmington 99, Delaware 
654-8 
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A MESSAGE TO 


STUDENTS 


Manufacturing, 


Purdue University, 1936 
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COLLEGE ENGINEERING 


from Donald C. Burnham, Vice-President 


Westinghouse Electric Corporation 










To the young engineer with a creative mind 


America is on the threshold of the automation era. 

New automatic machines with their electronic brains are 
opening the way to a tremendous industrial development in 
which machines will largely replace man’s routine brainwork 
and handwork. 

Westinghouse is taking a leading part in developing equip- 
ment for the automatic factory. At our new Columbus, Ohio 
plant, refrigerators move along 27 miles of automatic conveyors, 
with many parts being installed by automatic assembling 
machines...refrigerator controls are automatically calibrated... 
automatic testing devices maintain quality control ...and the crat- 
ed refrigerator is automatically conveyed to warehouse storage. 


you can BE SURE... iF iTS 


Westinghouse 
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At Westinghouse, young engineers like you are playing an 
increasingly important role in such new developments for all 
kinds of industry. Here, there is plenty of room for your creative 
talents to expand—in designing new products . . . and in 
developing new improvements for existing products. It’s a 
fascinating job that offers you real opportunities for growth. 

And at Westinghouse, we recognize individual ambition as well 
as technical ability. There will always be a place for the young 
engineer who wants to forge ahead. For professional develop- 
ment you can do graduate work toward Master’s and Ph.D. 
degrees in 19 universities. You will be treated as an individual and 


Westinghouse will do all in its power to help you reach your goal. 
G-10282 


Ask your Placement Officer about career 
opportunities at Westinghouse, or write 
for these two booklets: Continued Educa- 
tion in Westinghouse (describing our Grad- 
uate Study Program) and Finding Your 
Place in Industry. 

To get these booklets, write: Mr. R. E. 
Davis, Regional Educational Co-ordina- 
tor, Westinghouse Electric Corporation, 
10 High Street, Boston 10, Massachuse ts. 
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This is the kind of problem that constantly chal- 
lenges IBM engineers. 


It challenges their knowledge, their skill, and 
their ingenuity. It challenges them to “throw 
away the book” and, starting from scratch, come 
up with solutions that are unorthodox—both in 
concept and execution. 


In this stimulating atmosphere, the young engi- 
neer quickly discovers that fresh new ideas are 
not only in demand, but are given the chance to 
pay off in practical application. 


No doubt about it: The man with imagination, 
versatility, and enthusiasm can look forward to a 
bright and virtually unlimited future—at IBM! 


/ _ | DESIGN DRIVE FOR MAGNETIC TAPE “MEMORY” OF 


 , 
ThVe 


19. Dead-stop to operat} y speed _ apes and-recordi 5 heads. . 
| mi-autematic. (No. 


, 4. Tape loading: 


+ 


be IBM 765 ELECTRONIC COMPUTER. SPECIFICATIONS: 


ot 


threading through guides or heads.) 


M.E.’s, E.E.’s, and Engineering Physicists! 
Whatever interests you most — research, develop- 
ment, product design, or manufacturing —IBM 
offers you a challenging and rewarding career! 


For a picture of IBM’s Engineering Laboratories 
in action, ask your placement officer for the new 
32-page booklet, “Opportunities Unlimited.” Or 
write Mr. W. M. Hoyt, Engineering Recruitment 
Office, IBM, 590 Madison Ave., New York 22, N.Y. 


TRADE-MARK 


INTERNATIONAL BUSINESS MACHINES 
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The Torrington Needle Bearing 






is designed for high radial loads 


The many lineal inches of contact 
provided by the larger number of 
small diameter rollers give the 
Torrington Needle Bearing an 
unusually high load rating. In 
fact, a Needle Bearing has greater 
radial capacity in relation to its 
outside diameter than any other 


type of anti-friction bearing. 


Precision Manufacture 
and Unique Design 


The exceptional load capacity of 
the Needle Bearing is the result 
of proper selection of steels, pre- 
cision workmanship to close tol- 
erances, and the application of 
modern anti-friction principles. 

The one-piece shell, which 
serves as the outer raceway and 
retains the rollers, is accurately 
drawn from carefully selected 
strip steel. After forming, it is 
carburized and hardened. There 


is no further grinding or other 
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1 Illustrates the fact that for a given housing 

* bore size, a larger and, therefore, stiffer 

shaft can be used with Needle Bearings than 
with a roller or ball bearing. 





CAPACITY 


1400 
\\ A 





Shows the greater number of lines of con- 
* tact in the load zone of a Needle Bearing 
compared with a ball or roller bearing. 


operation that might destroy the 
wear-resistant raceway surfaces. 
The full complement of thru- 
hardened, precision-ground 
rollers is retained by the turned- 


in lips of the one-piece shell. 


The small cross section of the 
Needle Bearing allows a large 
shaft which permits a rigid design 
with minimum shaft deflection, a 
factor of utmost importance to 


good bearing design. 


THE TORRINGTON COMPANY 


Torrington, Conn. °* 


South Bend 21, Ind. 


District Offices and Distributors in Principal Cities of United States and Canada 


NEEDIE BEARINGS 


NEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + BALL + NEEDLE ROLLERS 
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The “shortage of engineers” is just about as phony as a rubber ruble. Yet, a 
week never passes but some organization issues a press release or publishes a pamph- 
let bemoaning the lack of engineers and scientists. For several years the Engineering 
Manpower Commission of Engineers Joint Council has been publishing a Newsletter 
devoted solely to increasing the pool of engineering and scientific manpower. This 
group consistently takes the stand that there are not enough engineers, that enroll- 
ment of engineering schools should be increased, and that engineering students should 
be exempt from the draft. The Scientific Manpower Commission has just joined with 
the Engineering Manpower Commission in the publication of that newsletter. 


Now the National Association of Manufacturers is getting into the act. On Janu- 
ary 22, the NAM issued a press release which begins, ‘Dear Editor: Our nation today 
is faced with a tragic shortage of scientists and engineers.” 


Tragic, indeed! The current shortage is not engineers, but coffee. The way we know 
there is a shortage of coffee is because the price of coffee has obviously risen in just 
six weeks. We have not noted a similar increase in the price of engineers in six 
months, or for that matter, in six years. 


The coffee situation confirms our opinion that the law of supply and demand is 
still in effect. And we are convinced that the law applies to labor and the professions 
in just about the same way it applies to coffee. The difference is that coffee is paid 
for in cash, while engineers are paid in cash, professional prestige, and job security. 
Any employer who wants to test this statement need only place an advertisement in 
the classified section which states, ‘““Wanted, Engineer for permanent position in 
strictly engineering work of professional caliber. Income equal to that of our corpora- 
tion lawyer.” The employer who placed such an ad would quickly reject the idea of a 
shortage of engineering talent. 


It is a simple fact that if the price is right, the engineers are available. Currently, 
engineers have found that they can make more money in sales or management. On 
top of that, our own scientific societies are constantly encouraging young members 
to “progress” to management jobs rather than stick to professional engineering. 


So far as we know, engineers are the only professional group idiotic enough to 
personally finance a major campaign to increase the number in their group while at 
the same time they sit around and gripe about low pay. The medical profession does 
not pay the American Medical Association to go around screaming about the short- 
age of doctors. On the other hand, hundreds apply for entrance to a medical school 
for every one student who is admitted. It is high time we instructed the Engineering 
Manpower Commission to “cease and desist.” It is time we worked with our engineer- 
ing schools to see that entrance requirements are made more stringent. Only in this 
way will the supply be such that those with a good engineering education can de- 
mand proper payment for professional services throughout their careers. 
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SLIDING DOWN THE WAYS at Groton, Conn., goes the USS Nautilus, 
newest and fastest member of our underseas fleet. During welding, 
Worthington heavy-duty turning rolls rotated the hull sections. 


How the world’s first atomic sub was welded 


Welding the hull of the USS Nautilus, world’s first 
atomic submarine, presented a tough problem. 

Submerged-arc automatic welding seemed to be ideal 
for the job. Question was—could you rotate the hull 
sections of the Nautilus to take advantage of this fast, 
high-quality welding method? 

Worthington’s answer to General Dynamics Corpo- 
ration’s Electric Boat Division, builder of the Nautilus, 
was the largest turning roll ever built. 


set-up is also being used in the construction of the 
nation’s second atomic sub, the USS Sea Wolf. 
Turning rolls for submarines aren’t all that Worth- 
ington makes. The long list of Worthington-designed, 
Worthington-built equipment includes air conditioning 
units, construction machinery, compressors, Diesel en- 
gines, steam power equipment and, of course, pumps 
of all kinds. For the complete story of how you can fit 
into the Worthington picture, write F. F. Thompson, 


Manager, Personnel and Training, Worthington Cor- 
poration, Harrison, New Jersey. You may be glad 
you did. 


The result? Welding of the Nautilus hull was accom- 
plished in record-breaking time — and cost less than 


originally estimated. Unchanged, the Worthington roll 
4.25 B 


See the Worthington 
Corporation exhibit in 
New York City. A lively, 
informative display of 
product developments 
for industry, businuss and 
the home. Park Avenue 
and 40th Street. 


See the Worthington representative when he visits your campus 


WORTHINGTON 
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When you're thinking of a good job—think high—think Worthington 


AIR CONDITIONING AND REFRIGERATION - COMPRESSORS - CONSTRUCTION EQUIPMENT + ENGINES + DEAERATORS + INDUSTRIAL MIXERS 
LIQUID METERS - MECHANICAL POWER TRANSMISSION - PUMPS - STEAM CONDENSERS +» STEAM-JET EJECTORS » STEAM TURBINES » WELDING POSITIONERS 
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“Dress” Pruett 
wants to know: 





What type 
of training 


program does 
Du Pont have? 





DONALD C. MILLER received his B.S. in Chemi- 
cal Engineering from Ohio State University in June 
1937. During the following month he started work 
with the Organic Chemicals Department of Du Pont 
at Deepwater Point, N. J. Since then he has received 
and given many kinds of technical training. Today 
Don Miller is a general superintendent at Du Pont’s 
Chambers Works—well qualified to answer questions 
about training programs for college men. 


NOW AVAILABLE for student ASME 
chapters and other college groups, a 16-mm. 
sound-color movie—‘‘Mechanical Engineer- 
ing at Du Pont.”’ For further information 
write to E. I. du Pont de Nemours & Co. 


(Inc.), 2521 Nemours Bldg., Wilmington 98, 
Delaware. 





REG. U.S. PAT. OFF. 
BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 


WATCH “‘CAVALCADE OF AMERICA’’ ON TELEVISION 
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DRESSLAR M. PRUETT expects to receive his B.S. in Industrial Engi- 


for a successful career based on his technical training. 


Don Miller answers: 





Training has many facets in a big firm like Du Pont, Dress, 
and a great deal of thought has been given to make it truly 
effective. We look upon training as a very important factor 
in a man’s career. We think that the best way to train a col- 
lege graduate is to give him a maximum of on-the-job re- 
sponsibility in a minimum length of time. That’s the general 
guiding policy at Du Pont, Dress. 

Of course, each department varies this general policy to 
suit its special needs. A new man being trained for produc- 
tion supervision may first spend a year or so in laboratory 
or plant development work. Or he may spend his training 
period as a plant operator. Thus a man obtains firsthand 
knowledge of his process, and establishes a bond of mutual 
respect with the men he’ll be working with on his first major 
assignment. 

A young man interested in sales is often first assigned to a 
plant or laboratory dealing with the products he will later 
sell; or he may join a group of trainees to learn selling tech- 
niques right from the start. 

An engineer, chemist, or other technical graduate is usual- 
ly chosen for a specific job within his major field of study. 
Such a man brings specialized knowledge and skill to his 
job, and he is encouraged to put them to use promptly. But 
at Du Pont his experiences on the job are supplemented 
with lectures, conferences and discussion groups. In . very 
real sease, new technical employees continue training in 
their specialties after joining the Company. 

To sum it all up, Dress, Du Pont’s training program is 
individualized to provide a new man with specific oppor- 
tunities to learn from contacts with more experienced men. 
The prime objective of Du Pont training is always kept 
clearly in mind—to develop men for future advancement 
and effectiveness in the organization. 








neering this summer from Oklahoma Agricultural and Mechanical Col- 
lege at Stillwater, Okla. He is president of the local student branch of 
A.1.1.E. Naturally, he is interested in selecting the best job opportunity 







“We Hit the Jackpot 
GW1-Chabmen Graduile 
heie Ne Couns / 


say N. W. MORELLI 


Oregon State College, B.S.,.M.E.—1950 
and 


E. R. PERRY 


Texas A. & M., B.S.,E.E.—1950 


wu taking the course, two engi- 
neers developed a revolutionary new 
circuit breaker mechanism. 


“Our experience shows what can happen 
if you work with people open to sugges- 
tion. We found men of this kind at Allis- 
Chalmers, and it has given us a special 
pleasure in our job. 


“We started out like most other graduates 
with a hazy idea of what we wanted to do. 
After working in several departments, we 
requested that part of our training be at 
the Boston Works of Allis-Chalmers, 
where circuit breakers are made.” 


New Design Principle 


“Circuit breakers soon became an obses- 
sion with us, and we got the idea of de- 
signing a hydraulic operator and trigger- 
ing mechanism for these breakers. Most 
operators for big breakers are pneumatic. 


“Unsuccessful attempts had been made 
in the past by all circuit breaker manu- 
facturers to build hydraulic operators. 


Low-pressure spindle for a 120,000 kw 
steam turbine generator. Said to be one 
of the largest ever built in the United 
States, this spindle is nearing completion 
in the Allis-Chalmers West Allis shops. 
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The important thing is that no one at 
Allis-Chalmers said, ‘Don’t try it—it won’t 
work,’ ” 

Start New Era 


“To make a long story short, our study of 
the problem led us to the hydraulic accu- 
mulator and high speed valves being used 
by the aircraft industry. These had not 
been available when earlier attempts were 
made to build a hydraulic operator. With 
these highly developed devices to work 
with, we were able to build an operator 


1. It’s well established, having been 
started in 1904. A large percentage of 
the management group are graduates 
of the course. 

2. The course offers a maximum of 24 
months’ training. Length and type of 
training is individually planned. 

3. The graduate engineer may choose 
the kind of work he wants to do: design, 
engineering, research, production, sales, 
erection, service, etc. 

4. He may choose the kind of power, 
processirig, specialized equipment or 
industrial apparatus with which he will 
work, such as: steam or hydraulic, 
turbo-generators, circuit breakers, unit 
substations, transformers, motors, con- 
trol pumps, kilns, coolers, rod and ball 


Facts You Should Know Abou the 
Allis-Chalmers Graduate Training Course 


ALLIS-CHALMERS 






that combined the best features of pneu- 
matic and hydraulic operation. We call it 
the Pneu-draulic operator. Engineers are 
saying it starts a new era in circuit breaker 
actuation. 


“This fact is important to us, but it is 
even more important to know that Allis- 
Chalmers Graduate Training Course is 
full of opportunity . . . and as we found 
out, there’s opportunity right from the 
start.” 


Pneu-draulic is an Allis-Chalmers Trademark. 






mills, crushers, vibrating screens, recti- 
fiers, induction and dielectric heaters, 
grain mills, sifters, etc. 
















5. He will have individual attention 
and guidance in working out his train- 
ing program. 









6. The program has as its objective the 
right job for the right man. As he gets 
experience in different training loca- 
tions he can alter his course of training 
to. match changing interests. 











For information watch for the Allis- 
Chalmers representative visiting your 
campus, or call an Allis-Chalmers dis- 
trict office, or write Graduate Training 
Section, Allis-Chalmers, Milwaukee 1, 
Wisconsin. 
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WHAT HATH 
MARCONI WROUGHT? 


Of course, it was years before Mr. Marconi’s wireless 
developed into radio as we know it. Then such wonders 
as the give-away program, the comedy show and the 
soap opera blossomed full-blown. The amazing Skysweeper — which sights, tracks and shoots 

down air targets with fantastic accuracy — depends on New 
True wonders, too, have sprung from Mr. Marconi’s “new Departure instrument ball bearings for its internal accuracy. 
departure” of 1897. And New Departure ball bearings 
have played a vital role . . . in electronic brains for 
business . . . in automation for industry . . . in radar for 
defense. In fact, New Departure was « pioneer in devel- . ee 
oping methods that could turn out ball becrings of ys 
ultra-high precision in the mass quantities needed for @- 
today’s electronic marvels. Ai Ee Ww f DEPART URE 
Such leadership is one of many reasons why engineers 


look to New Departure for the finest in ball bearings! BALL BEARINGS 


A/ 


NEW DEPARTURE DIVISION OF GENERAL MOTORS BRISTOL, CONN. NOTHING ROLLS LIKE A BALL 
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stereo models without 
a stereograph 


by D. F. Shraeder, '60 


Stereo photography has come of age. Early in 
the century it was merely a fascinating play- 
thing, but now it has progressed to the point 
where it is used daily in such fields as Cartogra- 
phy, Geology, Engineering, Forestry, Agricul- 
ture, City Planning, Archzology, and many oth- 
ers. All of the above fields predominately use air 
photographs but the method to be discussed is 
equally applicable to stereo pairs (two overlap- 
ping photos which permit stereovision), without 
any auxiliary equipment, and see a three-dimen- 
sional image. If you do not have easy access to 
aerial photographs, or a stereo-camera, then you 
may use an ordinary camera to obtain a stereo 
pair by taking one picture of the desired scene 
and then moving a few inches to the side and tak- 
ing another photograph. This method works ex- 
ceptionally well with models of the female vari- 
ety. 

To view any object stereoscopically each eye 
must receive a slightly different image of the ob- 
ject. The sensations thus produced in the nerves 
are fused in the brain and are recognized as a 
three-dimensional, or binocular sensation. To 
produce this sensation by observing a properly 
oriented stereo pair requires nothing more than 
looking at the left photo with the left eye and at 
the right photo with the right eye. This requires 


conscious manipulation of the eye muscles, and 
before the method becomes natural, much concen- 
tration and practice. But the results are well 
worth the effort. 

Place two black dots (about one eighth of an 
inch in diameter) approximately one inch apart 
on a piece of white paper. Then, holding the paper 
at normal reading distance, or perhaps closer, fo- 
cus your eyes on some distant object and without 
changing focus bring them to rest on the dots. If 
you are lucky, you won’t be, you will see three 
dots; the center dot being the equivalent of a 
three-dimensional image. Since you probably will 
not lock-in, at first, you will see four dots. Con- 
centrate on the two center dots and manipulate 
your eye muscles until the two dots start moving 
together and finally fuse. This should be fairly 
easy with the one-inch spacing and will not take 
more than a few minutes, but this won’t give 
sufficient coverage to view the photographs re- 
produced here. Take another piece of white pa- 
per and this time space the dots further apart 
and then practice fusing the two dots together in 
order to obtain a stereoscopic image. When you 
can space the dots approximately two and one- 
half inches apart, and fuse the dots, you will be 
able to view the photographs stereoscopically,. 
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Assuming that you have mastered the above 
procedure, we will now work on the photographs. 
On the stereo pair, you have chosen to view, pick 
out some easily seen section, such as a lake, house, 
viver road, or other prominent part of the photo- 
graph and treat these points as you did the dots 
in the preceding exercises. Once you have your 
chosen point fused, the rest of the photograph 
will lock-in and you will be viewing a stereoscopic 
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model. The vertical relief will be exaggerated in 
the aerial photographs since the photographing 
stations for each photograph of the stereo pair 
are approximately one-half mile apart. You can 
figure out the geometry of the system yourself 
and if you find you need aid I refer you to Smith’s 
“Aerial Photographs And Their Applications”. 
Many of the uses of the aerial photographs are 
self-evident but some of them are not as obvious 
although they are just as interesting, Perhaps it 
will be of interest to note that most modern maps 
and charts use the stereoscopic image obtained 
from vertical aerial photographs to obtain their 
contours, I now leave you to the photographs and 
your optometrist. 
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PPG gives you the chance to ‘‘blossom out”’ 


Your job with Pittsburgh Plate Glass can be in one of many 
fields because of the company’s diversified operations. 

As well as being the leading name in glass, it is also a 
prominent producer of paint, plastics, chemicals, brushes, 
and fiber glass. 

In any one of “PPG's” several divisions you will find a 
challenge and an opportunity. A challenge to you to help 
create and produce new and better products. An oppor- 
tunity to have your training and talents recognized and 
rewarded. 

In addition, Pittsburgh Plate Glass offers unusual security 
and strength by virtue of being, as a whole, one of the 
nation’s leading “blue-chip” industries. 


PAINTS GLASS CHEMICALS 


BRUSHES 


Pittsburgh Plate Glass gives you the chance to blossom 
out. It believes in stimulating constructive thinking and 
action. it wants its men to do the type of work for which they 
are best suited, in which they are happiest, and in which they 
can advance to bigger and more responsible jobs in the 
PPG organization. 

With an impressive record of sound growth and an even 
greater potential ahead, Pittsburgh Plate Glass offers many 
opportunities in varied fields. Good men are needed. If 
you would like to learn more about these opportunities, 
write today to Pittsburgh Plate Glass Company, General 
Personnel Director, One Gateway Center, Pittsburgh 22, 
Pennsylvania. 


PLASTICS FIBER GLASS 


S COMPANY 


319 PLANTS, MERCHANDISING BRANCHES, AND SALES OFFICES LOCATED IN 250 CITIES 
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climatic control and the 






causes of the ice age 


Many theories have been advanced by geolo- 
gists, meteorologists, astronomers, and scientists 
of many other fields to explain the ice ages that 
present themselves throughout geologic history. 
The ice ages, though few and comparatively short 
lasting, have been well scattered through time with 
what appears to some investigators to be a defi- 
nite periodicity, although this idea is generally 
discounted. Glaciations have occurred during the 
Pleistocene, early Permian and late Carboniferous, 
early Cambrian and late pre-Cambrian, and several 
other times during the pre-Cambrian. The earlier 
pre-Cambrian dates are uncertain but they are 
provisionally set at 1000 and probably 1500 and 
possibly 600 or 800 million years ago. 

The best known glaciation, of course, is that of 
the Pleistocene. During the Pleistocene glaciers 
had four major advances; chronologically they are 
the Nebraskan, Kansan, Illinoian and Wisconsin. 
The corresponding European names are respective- 
ly the Gunz, Mindel, Riss and Wurm. The Ameri- 
can interglacial epochs have been named the Af- 
tonian, Yarmouth and Sangamon in their chrono- 
logical order while in Europe there are no corre- 
sponding names. Paleontologic and geologic evi- 
dence indicates that the climates of the Aftonian 
and Sangamon epochs were warm and wet while 
the climate of the Yarmouth epoch was dry and 
cool. Through geologic evidence alone, the four 
glaciations have been dated, in thousands of years 
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by Hermatilda Klutz, Ph.D. 





PLEISTOCENE GLACIATIONS 








ago, respectively, as 520-490, 430-370, 130-100 and 
40-18. This sequence is shown schematicaily in 
figure 1. 

Any theory which purports to explain the ice 
ages must have an explanation for the time distri- 
bution of the various ages, their various advances 
and retreats and the vast ages of non-glaciation 
when warm climates extended far into the polar 
regions. 

The various factors of climatic control that have 
been proposed as causes or partial causes of the 
ice ages are listed here: 

Latitude 

Moon and Planets 

Obliquity of the Earth 
Eccentricity of the Ecliptic 
Perihelion Phase 

Content and Composition of the Atmosphere 
Vulcanism 

Surface covering 

Sun Spots 

10. Land Elevation 

11. Land and water Distribution 
12. Atmospheric Circulation 
13. Oceanic Circulation 

14. Solar Constant 

We must now treat each of these factors. A few 
we can dismiss immediately while others must be 
examined more thoroughly and then retained as 
subordinate, if not major, causes of the ice ages. 
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Of course there need not be one single big cause 
of glaciation. Perhaps it is several accidental com- 
binations of the above factors which bring about 
the ice ages. Perhaps different ice ages have had 
different causes or combinations of causes. 

Variations in latitude are limited to effects of 
migrations of the earth’s poles or the migration 
of the earth’s lands. Astronomers however, claim 
that no forces are known which could cause a vari- 
ation of over 21 degrees (23 miles). Wegener’s 
Theory of Continental Drift, is hardly accepted 
today on the basis of more thorough investiga- 
tions of historical geology, and more recently of 
isotope geology heat measurements. We may, 
therefore, dismiss this factor. 

We may also dismiss the effects due to varia- 
tions in the apparent brightness of the moon and 
the planets which by their variations in phase and 
distance can vary the temperature of the surface 
of the earth by no more than 10° degrees Centi- 
grade. 

The next three factors have been combined in 
various ways by various authors as explanations 
of the ice ages. The variation of the obliquity of 
the eclipite is slightly variable. The limits of varia- 
tion are difficult to calculate. Most astronomers 
limit this variation, however, to about two degrees. 

The eccentricity of the earth’s orbit, that is, the 
distance between the center of the elliptical orbit’s 
center and its focus in terms of the major axis, 
varies between zero and 0.07 in a period of about 
100,000 years. 

The phase of perihelion (the time of the year 
when the earth is closest to the sun) which is 
termed the precession of the equinoxes varies with 
a period of 21,000 years. That is, since at present 
the earth is in perihelion during the northern 
hemisphere’s winter, 10,500 years it was in peri- 
helion during the southern hemisphere’s winter. 

Croll combined the above factors in his theory 
of the Pleistocene ice age by supposing that in 
periods of great eccentricity, the hemisphere with 
its winter in aphelion would have a snowy and cold 
enough winter to persist through the following 
summer and bring in an ice age. The heat reaching 
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the earth would be further diminished by solar 
reflection by the snow and eventually the opposite 
hemisphere would start icing up by convection. 
Evidence, however, points out that the ice ages 
were virtually simultaneous in both hemispheres. 
Also each ice age would be limited to a fraction of 
the period of the precession of the equinoxes 
which is geologically too short a time. Further- 
more, such glaciations would have occurred 100 
times in the past 3,000,000 years and the end of 
the Wurm glaciation would be 80,000 years ago in- 
stead of the 18,000 years of glacial geologists. 

Spitaler reversed Croll’s theory and supposed 
that the hemisphere with its winter in perihelion 
would have a relatively mild winter, but most of 
the winter snow would persist through the cool 
summer. According to his calculations, however, 
the Wurm glaciation ended 90,000 years ago which 
again disagrees with the geologic facts. 

Koppen and Wegener combined Spitaler’s winter 
in perihelion with the calculated time of greatest 
obliquity of the plane of the ecliptic to explain the 
Pleistocene ice ages. Their dates, however, dis- 
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agree with those determined by geologists. 

Zeuner extended the work of Koppen and 
Wegener, taking into account such details as re- 
flection due to snow, changes in atmospheric cir- 
culation and in oceanic currents. His refined dating 
has less disagreement with that of geologists than 
Koppen and Wegener but he finds the Yarmouth 
Epoch warm rather than cool as geologic evidence 
shows. 

Zeuner’s work deserves consideration for it is 
perhaps an important factor in the climate of the 
past. Correlation with the geologic past is fair. 
Again, however, the long absences of glaciation 
for many years of geologic time is in disagreement 
with the regularity which should occur through 
Zeuner’s methods. 

The temperature at the surface of the earth is 
determined by the rate of heat flow between 
space, the atmosphere and the earth itself. In fig- 
ure 2, the rate of heat reaching the outer limits of 
the atmosphere, the sclar constant of about 720 
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calories per square centimeter per day is repre- 
sented by A. B represents that portion 6f A which 
is directly reflected back into space; C represents 
that portion of A which reaches the earth; and D 
is that portion of A which is absorbed by the at- 
mosphere. E represents the heat leaving the earth 
by reflection and radiation. F represents that poy- 
tion of E which is directly reflected back to the 
earth; G represents that portion of E which is 
radiated into space; and H is that portion of E 
which is absorbed by the atmosphere. L represents 
the transfer of heat between the earth and the 
atmosphere because of conduction and evaporation. 
J is the radiation from the atmosphere to the 
earth and K is the radiation from the atmosphere 
to outer space. Under conditions of equilibrium we 
have: 

A=B+K-+G and 

E+L—C+F+J 

The variation of any one of these rates will 
of course change the nature of the final equi- 
librium and the consequent temperature of the 
surface of the earth. For the value of A in calories 
per square centimeter per day of 720, B has a 
value of about 320. This reflection can be consid- 
ered as being caused by dust or by clouds which 
reflect approximately 75-80% of the sun’s light 
and occupy about half of the sky. Increased cloudi- 
ness would have a marked effect not only in the 
earth’s precipitation but in its temperature. The 
rate of radiation absorption by the atmosphere, D, 
is small, about 50. We therefore get an influx of 
heat at the surface of the earth from the sun of 
about 350 calories per square centimeter per day. 
The value of F is about 60 and J about 540. Thus 
the total heat reaching and leaving the surface of 
the earth is about 950 calories per square centi- 
meter per day, while 720 is the rate at the upper 
limit of the atmosphere. 

We can consider the incoming radiation less the 
atmospheric reflection, A—B, as I, the effective 
insolation to the earth and its atmosphere. Also 
we can let the effective radiation from the earth 
to its atmosphere and space, R, be equal to E+L— 
F. Then figure 2 will be modified to figure 3. If a is 
the coefficient of absorption of the incoming radia- 
tion, and b is the coefficient of absorption of the 
outgoing radiation, we have, 

D—al and H—bR 

If we make the assumption that K—J, or that 
the total amount of radiation absorbed by the at- 
mosphere is re-radiated equally between the earth 
and outer space we are very close to the truth. 
Thus we have all energy absorbed by the atmos- 
phere radiated away, half of it to the earth, and 
the other half to space and the net radiation leav- 
ing the earth is equal to the net radiation reaching 
the earth, or 

+ alla =—I(1—a/2) or E=I(2—a)/(2—b) 
an 
, >= 

E 2 according as b <3 


If the effective insolation is constant, the amount 
of radiation reaching and leaving the earth’s sur- 
face, and accordingly its temperature, is increased, 
equal to, or decreased, accordingly as the coeffi- 
cient of absorption of terrestrial radiation is 
greater than, equal to, or less than the coefficient 
of absorption of, solar radiation. This explains the 
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blanketing effect of carbon dioxide, water vapor, 
and ozone. At the point of maximum intensity, the 
wavelength of solar radiation is 5000 A and the 
wavelength of terrestrial radiation is 120000 A, 
and carbon dioxide, water vapor and ozone absorb 


more of the smaller wavelength radiation than the 


longer wavelength, so we have b a and conse- 
qently as the percentage of these constituents in- 
crease in the atmosphere, the surface temperature 
increases. For both water vapor and carbon diox- 
ide, for which the degree of absorption of certain 
wavelengths is exponentially related to the effec- 
tive thickness of the gas layers, absorption by both 
gases is nearly 100% (except over cold dry 
continental regions where water vapor absorption 
is not so complete) and changes in the concentra- 
tion of either by as much as 100% will have hardly 
any effect on the degree of radiation absorption. 
For radiation from a black body which is the 
equivalent to the earth, the maximum amount of 
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Now is the time to get the 


LiFE-LONG 
CASTELL 
HABIT! 


Your tools of tomorrow should 
be your tools of today. When you graduate and start 
upon your own career you will find that the top 
engineers, architects and designers use CASTELL— 
either the famous wood pencil or LocxtiTE Holder 
with 9030 lead. 


CASTELL is smoother, stronger, lays down greater 
depth of graphite on the drawing. It is uniformly 
excellent in all 20 degrees, 8B to 10H. 
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You study in a fine school, taught by outstanding 
professors. Does it make sense to work with inferior 
tools? Order CASTELL, world’s standard of quality, 
from your College Store, stationer or art supply store. 


there is no doubt that volcanic 
action results in appreciable low- 
ering of the surface temperature 
of the earth. 

Following the eruptions of 
Krakatoa in 1883, Mont Pele and 
Santa Maria in 1902 and Katmai 
in 1912, a reddish-brown corona 
was often observed around the 
sun, which was from 10° to 12° 
wide and had an angular radius 
to the outer edge of from 22° to 
23°. The corona was due obvious- 
ly to the diffraction of the sun’s 
rays. From this corona, it was 
calculated that the average diam- 
eter of these particles is 1.85 mi- 
crons. Applying a modification of 
Stoke’s viscous fall equation, it 
was found that it would take fro 
was found that it would take from 
two to three years for the dust 
to come down. Since solar light 
has its maximum intensity at 
0.50 microns and terrestrial radi- 
ation at 12 microns, solar light 
is largely reflected by the dust 
while terrestrial radiation is 
scattered by the dust. The ratio 
of absorption coefficients, a/b, is 
equal approximately to 30. For a 
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absorption by carbon dioxide is 14%. Assuming 
that now the atmosphere absorbs 10% of terres- 
trial radiation and 1% of solar radiation, the aver- 
age earth temperature will change by no more 
than 1.3°C for a doubling or halving of the amount 
of carbon dioxide. Carbon dioxide will, therefore, 
play a minor role only, since geologic evidence 
infers that its concentration in the atmosphere 
does vary. The variations are, however, long range 
(as because of the abundance or paucity of plant 
life for certain geologic periods and can not explain 
short lived glaciations. The Permian glaciation for 
instance, has been explained as a result of the ex- 
haustion of the carbon dioxide supply by Carbon- 
iferous forests.) 

Vulcanism, which for extreme eruptions sends 
vast amounts of volcanic dust into the atmos- 
phere, is an important factor of climate control. 
Volcanic dust has just the opposite effect from 
carbon dioxide, water vapor and ozone. Instead of 
acting as an agent to keep heat within the green- 
house, it serves to keep it out; thatisa _b. Pyro- 
heliometric readings following great volcanic erup- 
tions vary by as much as 20% and the climate 
tends to become cooler following all major erup- 
tions during historic time. 1816, the famous “‘year 
without a summer” followed the great eruption of 
Tomboro and those of Mayon, Soufriere and pos- 
sibly St. George and Etna. In 1784 Franklin sug- 
gested that the then cold winters were caused by 
contemporaneous volcanic eruptions. Indeed, 
Asama, Skaptar, Vesuvius and Jokull are known 
to have erupted around then. Other temperature 
lows have been correlated with vulcanism and 
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ume of all the dust would be that 

of a cube only 179 meters on the 

side. This quantity of dust for 
100,000 years continually being erupted and fall- 
ing to the earth would produce a layer over the 
ea-th of only 0.50 millimeters, too small to be 
identified in geologic strata. Such a decrease of 
insolation as 20% that this dust would induce 
would lower the equilibrium surface temperature 
of the earth by 10 degrees F. This would be more 
than enough to initiate and maintain an ice age. 
It may be noted that much vulcanism preceded the 
ice ages of the Pleistocene, Permo-Carboniferous 
and Cambrian-Pre-Cambrian. This factor, how- 
ever, fails to explain the individual advances and 
retreats of the Pleistocene. Also there was consid- 
erable mountain building which is also considered 
a climatic factor of some importance. It might be 
noted here that conditions of high meteor bom- 
bardment of our atmosphere or dust from “fall- 
outs” would have similar climatic effects to those 
of volcanic dust. 

The sort of surface covering that would affect 
the temperature of the surface of the earth is ice 
and snow. Since over an ice sheet, 80% of the 
solar radiation is reflected back to space, compared 
with only 20% in unglaciated regions, the lost 
solar radiation would have been sufficient to melt 
30 feet of ice per year. At the maximum advance 
of the Pleistocene glaciations, the total area of the 
earth covered by ice was 13 million square miles, 
compared with 6 million square miles at present. 
The 7 million square miles increase represents 
an increased covering of 3.5% of the earth’s sur- 
face. Allowing for clouds over the glaciated regions 
and snow fall and drift ice of the peripheral re- 
gions, the resultant decrease of the earth’s surface 
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temperature would be of the erder of 5°F. This 
factor, of course, is only an acceleration factor, and 
doesn’t come into effect until the ice age starts. 

Sun spots are related to the climate but the rea- 
sons are quite vague. Since 1749 monthly mean 
sunspot numbers have been recorded. These in- 
dices are based on an arbitrary formula, but 0 cor- 
responds to no spots and 100 to 0.2% of the sun’s 
disc covered by spots. Indices have varied between 
0 and 206 and show a persistent periodicity of 11.2 
years with maxima varying over larger periods of 
time. Climate follows this sun spot cycle. In the 
tropical and polar regions the mean temperature 
is higher by 2°F. during spot minima than dur- 
ing spot maxima. There seems to be no effect in 
the temperate zones, however. Also during sun- 
spot maxima there are 20% more thunderstorms 
throughout the world than during sunspot mini- 
ma. This 11.2 year cycle has even been observed 
in glacial days of the late Carboniferous of Aus- 
tralia. Humphreys attempted to explain the in- 
crease in earth temperature with sun spot mini- 
ma by suggesting that during minima more 
ultraviolet radiation is included in the sun’s spec- 
trum. This radiation if it has a wavelength of less 
than 1850 A is strongly absorbed by the oxygen 
of the earth’s atmosphere, and the oxygen is con- 
verted into ozone. The ozone has the same effect 
on the earth’s temperature as do carbon dioxide 
and water vapor. Observations, however, indicate 
that ultraviolet radiation is higher during spot 
maxima. At any rate, although the causes of the 
relationship between climate and sunspots is un- 
known, the relationship is known, 
and sunspots are definitely cli- 
matic control factors, although 
not necessarily the kind to cause 
an ice age by themselves. 

The next four factors should 
be treated together: land eleva- 
tion and distribution of land and 
water, atmospheric and oceanic 
circulation. All of these factors 
are intimately related with oro- 
genic movements. Brooks has 
plotted the major orogenic 
(mountain building) epochs and 
the ice ages versus time and a 
remarkable correspondence 
seems apparent. According to his 
plot, glaciations follow mountain 
building periods by a few million 
years. Two reasons for the de- 
lays between the apeces of oro- 
geny and glaciations are given. 
One is that it takes time to cool 
the oceans which act as great 
climate tempering masses, and 
the other is that the maximum 
mountain altitudes are not at- 
tained until erosion has worked 
over the elevated areas, lighten- 
ed the supported load and al- 
lowing it to be elevated even 
more. 

The most obvious effect of land 
elevation is the general reduc- 
tion of surface temperature 
with altitude of 3 degrees Fah- | 
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renheit per 1000 feet of elevation. This, along with 
the increased precipitation due to adiabatic cool- 
ing of wet air masses forced up mountain sides, ex- 
plains glaciation in the mountains, but there are 
other factors which explain the general decrease 
throughout the earth in the surface temperature. 
These include the increased radiation to outer 
space by high ground over lower ground, the re- 
flection of solar radiation from the surface of 
clouds formed about mountain ranges, the cooling 
power of the mountain glaciers reflection of sun 
light, and the cooling due to increased evaporation 
which in turn had to match the increased precipi- 
tation. It has been estimated or guessed the effects 
of these factors to be, respectively, negligible, one, 
three and four degree Fahrenheit decreases in the 
mean world temperatures. Altogether this ac- 
counts for eight Fahrenheit degrees which is quite 
enough for glaciation. 

An increase in land area or continentality brings 
about an increase in the extent and degree of con- 
tinental climate. Climates tempered by the ocean 
are more moderate than the extreme hot and cold 
climates of inland continental areas. Consequently 
during a period of much land surface area exposi- 
tion, as following orogenic movements, climates of 
the earth are generally more extreme and glaciers 
can be aided in their growth in certain extreme 
regions. 

Orogeny also affects oceanic currents which are 
very important climate controls. Such simple open- 
ings or closings of straits as between Iceland and 
Scotland, Greenland and Labrador, Asia and 
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Alaska and many other locations 
would bring about radical 
changes in the climates of cer- 
tain locations of the earth. Of 
course such valves as these are 
opened and closed quite a bit dur- 
ing times of mountain building. 
Atmospheric circulation is a 
function of land and water dis- 
tribution, oceanic currents and 
land elevations, all of which are 
affected by orogenic movements. 
Naturally, changes in this factor 
will bring about changes in 


climate. 

The four above factors put to- N 
gether adequately explain the 2 
ice ages in general, and observa- = 


tions agree with the theory for 
the correlation of orogeny with 






glaciations, but they fail to ex- parteae 
plain the history of the Pleis- Beagtses 
tocene glaciations in particular, snow & ICE 


nor give an adequate basis for 
several advances and retreats. 

Variations in the solar con- 
stant were dismissed by early 
investigators but more recently 
it has been given considerable 
attention. Its biggest boost was 
given by Sir George Simpson who proposed the 
idea that the ice ages were due to an increase in 
the solar constant, and a consequent increase in 
insolation and average surface temperature of the 
earth. His theory accounts remarkably well for 
the Pleistocene glacial and inter-glacial epochs. 
His theory goes as follows: increased solar con- 
stant causes increased insolation causes increased 
world mean annual temperature. This also causes 
increased temperature contrast between warm and 
cold zones of the earth which in turn results in 
more active convection of atmosphere currents, 
increased evaporation, cloudiness and precipita- 
tion. With increased precipitation comes increased 
snowfall and therefore a growth of glaciers. Event- 
ually, however, the increased insolation suylies 
enough heat to the earth to melt the winter ac- 
cumulations of snow and more precipitation falls 
as rain and glaciers retreat. The variation of these 
different climate parameters with temperature 
are given in figure 4. Two complete cycles of solar 
radiation would explain four advances and retreats 
of glaciers as in the Pleistocene. See fig. 5. In fact 
it explains excellently the climates of the inter- 
glacial epochs, warm and wet during the Aftonian 
and Sangamon, and cold and dry during the Yar- 
mouth. Also the short in duration interglacial 
Aftonian and Sangamon and the longer Yarmouth 
epoch are explained. 

Astronomers have sought to solve the problem 
of what could make the output of the sun’s energy 
change. Various answers have been suggested in- 
cluding turbulent readjustment of the hydrogen 
in the sun’s core, and even nova, but the one out- 
standing reason for variation in solar radiation 
was given by Hoyle and Littleton of Cambridge. 
According to them, increased solar radiation might 
very well be caused by the encounter between the 
sun and interstcllar hydrogen. Clouds of observed 
hydrogen are estimated to occupy 5% of inter- 
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stellar space, having densities of 10-**? gm/cm* and 
possibly even larger. They are extremely irregular 
and their largest dimensions are of the order of 
10° em. In our galaxy these clouds and the 
sun are rotating about the center with velocity 
variations of the order of v—10 km/sec. Should 
our sun pass through such a cloud at 10 km/sec 
its luminosity would increase, but the increase 
could be even greater the slower the speed of en- 
counter. For v—2 km/sec which has an appreci- 
able probability of occurring, it would take 2 mil- 
lion years to travel 10'° centimeters. 

For a moderate velocity matter far beyond 
Pluto will fall into the sun, attaining a velocity of 
the order of the sun’s escape velocity of over 600 
km/sec. and upon impact will be converted into 
thermal and radiant energy. For d—10-*' gm./cm* 
and v—1 km./sec. the equilibrium increase in the 
amount of solar radiation is 10%. For the same 
density, the total amount of hydrogen per square 
centimeter along a line of sight from the earth to 
the sun would be of the order of 10-7 grams which 
is an undetectable quantity. 

The two required cycles of solar radiation re- 
quired by Simpson’s theory could be explained by 
the sun passing through two arms of the same 
cloud or even different clouds. The long periods of 
geologic time without glaciations is easily ex- 
plained because the sun didn’t intercept inter- 
stellar hydrogen clouds. 

Of all of the theories presented, the Simpson- 
Hoyle-Littleton combination agrees best with geo- 
logic evidence. Less in agreement, but important 
nevertheless are theories of astronomical coinci- 
dence and vulcanism and orogeny. Still a combina- 
tion of factors may be responsible and different ice 
ages may have had different causes. One thing, 
however, is sure: If we ever get all of the factors 
mentioned above working together in the same 
dircction, this earth will have one BIG glaciation. 
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Fire could spell ruin for this huge liquefied gas storage 
tank ... and, for everything else within range of 
its highly flammable contents! 


When exposed to fire, certain things are necessary. 
Heat transfer to storage tanks must be prevented to 
avoid buildup of rupturing pressure. A properly engi- 
neered Grinnell ProtectoSpray® System offers effec- 
tive cooling and avoidance of pressure build-up. 


Should escaping gases ignite, the Grinnell Protecto- 
Spray System again would function effectively. The 
wide, evenly distributed pattern of fine water droplets 
would permit safe, controlled burning of the gases. 
Also, the water spray, even without dependence on 
wind, would provide sustained air movement to hasten 
the dilution of escaped gas ... at the same time 
providing additional inert vapor to speed the dilution 
process. 
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In the event of a gas leak, even if ignition doesn’t 
occur, the leakage must be quickly stopped. By the 
creation of positive air turbulence, which dilutes 
escaped gas and helps make the mixture too lean to 
burn, a Grinnell ProtectoSpray System gives a margin 
of safety for personnel doing this work. 


There is a Grinnell Fire Protection System for every 
fire hazard. For further information, write: Grinnell 
Company, Inc., 260 West Exchange St., Providence, 
Rhode Island. 


GRINNELL 


PROTECTION AGAINST EVERY FIRE HAZARD 
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Manufacturing, Engineering and Installation of Automatic Sprinklers since 1878-—— 





ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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special theory of relativity 


by Neil MacFarlane, '58 


Figure 1 shows a man riding a bicycle on top of 
a flat car. The flatcar is moving forward with a 
velocity of 50 mph with respect to the ground. The 
man in turn is riding his bicycle at a velocity of 
5 mph with respect to the top of the flatcar. 

Question: How fast is he going with respect to 
the ground? If you said anything but 55 mph, 
somebody might think you’re crazy, but as it turns 
out, as you may have expected by now, 50 mph 
plus 5 mph does not add up to 55 mph. However 
as has been the case before, when we have such 
small velocities as 50 and 5 as compared with the 
speed of light, the relativistic answer is so close 
to the classical answer, that the difference is im- 
measurabJe. Let us call the flatcar the S’ system, 
moving with velocity v with respect to the ground, 


which we can call the S system. The bicycle rider 


is traveling at a velocity u with respect to the S’ 
system. (Fig. 2.) 
Since velocity is defined as displacement per unit 
time, x’ 
u=— t’ 
but from the Lorentz Transformation, we get 


_ z-vt ms t- a 
Vex v1-¥ 


Dividing these equations, we have 


x-vt 
1- VV 
The bicycle rider’s velocity with respect to the 
ground, or S system, will be x/t by definition of 
velocity. Let us call x/t, which is the sum of u and 
Vv, Ve | xv 
4-w 
c 
Dividing numerator and denominator of the 
above equation by t, we get 
z ~ Vv 
- 2 v > 4 


F ct f- c 
Solving for V,, 
u= uv Vi = V, -4¥ 
yct=uv - Vie’ -e’v 


factoring and dividing, ye cue — 
5 c*-+uv s /- w& 


This equation is known as the addition of veloci- 
ties theorem. From it, we see that for all practical 
purposes, 

c? 
ea When this is the case, the 


equation of classical physics, V,=u+v which 
again illustrates why classical physics has been so 
successful, even though it is wrong. 

Let us take a striking example to show the true 
nature of the addition of velocities theorem. Sup- 
pose u—14 the speed of light and v—%,4 the speed 
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of light. The sum of these velocities would be by 
classical physics 114, times the speed of light. But 
by relativistic physics, 
3c +?C oo in a 
—e -_ * 
We see that 4c and 34c add up to 10/11 ¢ which 
is still less than c! 

Here again, we see the speed of light in a limit- 
ing role. Try substituting some values for u and v 
in the addition of velocities equation and see that 
it is impossible to get V, to come out greater than 
c, even when values of u and v greater than c are 
substituted. The graph of 

U+Vv 
Vr pu 
c’* 


plotting negative velocities as well as positive 
ones, looks roughly as shown in fig. 3. 

Notice that the curve is defined and continuous 
for all values of the variable, but at no point does 
it become greater than c (or less than —c for 
negative velocities). 

* * * ca 
Part VI Relativistic Mass and E—mc? 

Perhaps the most striking part of relativistic 
physics is the part that shatters all we ever learned 
in high school physics about mass, namely that a 
body’s mass is not constant, but varies with its 
velocity. 

In order to find a relation between mass and 
velocity, we will have to make use of the law of 
conservation of momentum (which we will have 
to assume is true). 

Figure 4 shows an observer in the S’ system 
who has taken two balls whose masses m’ are 
equal in the S’ system. He has set them in motion 
with equal and opposite velocities so that they are 
about to collide. It was mentioned in the introduc- 
tion that one of the disadvantages of limiting our- 
selves to lower mathematics is that the algebra 
involved will become quite messy. This is a com- 
plete understatement for what ordinarily would be 
about to follow. Eight full pages of nothing but 
algebraic junk are required before we arrive at 
the answer we’re looking for. So in order to cir- 
cumvent all this algebraic exercise, we are going 
to “set up” the problem so that the answer comes 
out nice and easy. To do this we simply fix it so 
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that ball number 2 happens to be at rest in the S 
system. In other words, we will make its velocity 
with respect to the S’ system equal to —v. If ball 
number one has a velocity equal and opposite to 
that of ball 2, then ball one’s velocity must be v. 
Thus we see that we have only v’s to worry about, 
and not four or five different velocities that we 
would have got if we had set up the problem in a 
completely general way. Since all we want to do 
is to find out how mass varies with velocity, we 
see that we can still give the balls any velocity 
we want (except faster than light of course), and 
so therefore we won’t be invalidating the proof in 
any way by taking such a special case. 

Referring back now to figure 4, balls one and 
two have an equal mass m’ when measured by the 
observer in the S’ system. Also their velocities 
when measured in the S’ system are v and —v 
respectively. But to the observer in the S system, 
ball 1 seems to have a mass of m, and ball 2 seems 
to have a mass of m,. (Notice that we are not as- 
suming m,—m, just because the two balls have 
equal masses in the S’ system. Nor are we assum- 
ing that m,—m’ or anything like that even if they 
are the same ball.) Now the balls have a perfectly 
inelastic collision so that they fuse together form- 
ing a mass of 2m’ in the S’ system or a mass of 
m,+m, in the § system. Since the balls’ velocities 
in the S’ system were equal and opposite, they are 
now at rest in the S’ system, but they are there- 
fore moving with a velocity v in the S system. 
Therefore, the observer in the S system would 
write the law of conservation of momentum as 

(m,+m_,) v=m,uU,+m,U, (a) 

The term on the left is the momentum after the 

collision and the term on the right is the momen- 

tum before the collision, where u, is the relati- 

vistic sum of v and v, and u, is the relativistic sum 

of v and —v. By the addition of velocities theorem, 
) 
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Substituting u.—0 into equation 
(a) and rearranging terms, we 
get 
(m,+m,) v—=m,u,+m, (0) 
(m,+m,) v—m,u, 
m,v+m.v—=m,u, 
or m,(u,—v)=m.v_  (c) 
When we look at equation (c), 
we must ask ourselves whether 
we want to get rid of v in terms 
of u, or get rid of u, in terms of 
v. (Hereafter we may as well 
drop the subscript on the u, since 
we no longer have a u..) We see 
that we are not the least bit in- 


terested in v, because u is the velocity with which 
the mass m, is moving with respect to the S sys- 
tem. We have arranged for m, to be at rest in the 
S system, so that m, will represent rest mass in 
the S system, and then m, will represent the same 
mass, but moving with a velocity of u, not v, with 
respect to m,. The resulting equation relating m, 
and m, will therefore be the expression that we 
are looking for, since it will be relating rest mass 
with moving mass. 

Therefore, we must solve equation (b) for v and 


substitute it into equation (c). 
ZV 


From equation (b), «- re 


uc? 
uv’—2ve?+uc*—0 
Solving for v by the quadratic formula, 


ee 2_ 2 
zc’ + V4e"—4ue — osc Ver-u 


Ye 
zu 


p= eV“ Vo-“ - 
Both “ and 
check when substituted back into tiie (b). 
We have, therefore, no idea which value of v will 
work when substituted into equation (c). We do 
know, however, that when u—0, m,—m., because 
we originally chose balls of equal mass when they 
were at rest relative to each other. Therefore we 
will have to solve equation (c) twice—once using 
nea and once using 
u 


mes e Ver uv 


c*-cVc'-@ 
u 


and then see wnich solution gives m,—m, when 
u—9, 
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Substitution of the first value above gives a meaningless an- 
swer. Substituting the second yields 






























m,(u—v)=m.v (c) 


Substituting, we have 


mi\i-z = m, 


+ 


This makes sense, since when u—0, m,—m:. Now solving for the 
mass of the moving ball, we get 

m, = mare * 
Vi-& 
Using the conventional symbols m, for rest mass (m.) and m for 
mass when moving at a velocity v, we get the familiar expression 
for relativistic mass, 


m= Mao 


1- XY 

Notice that this equation is the same form as that for rela- 
tivistic time, and that as v approaches c, m becomes infinite. Here 
lies the best argument that the speed of light can never be reached 
or surpassed by a material object, because an infinite mass would 
require an infinite force to move it, and since no such force exists, 
speed equal to or beyond that of light is not possible. 

This formula has been verified experimentally ; the mass of an 
accelerating electron has been found to increase in exact accordance 
with this equation. 


Note the interesting fact that m= vi- ze can be written 
m= om(1- " 


which when expanded by the binominal theorem yields 


m= m,( oh + ‘| 


the rest of the terms of the expansion being negligible, 


thus 


but notice that 1m,v° is the expression for kinetic energy, E. 
hence 


or = = ™-m-. which is the increase M in 
the mass due to its velocity. So, E—Mc? 
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How to machine with high 
precision at high speeds 






This lathe is designed to machine the races of 
bearings from 4” to 8” in diameter. And it must 
deliver high precision at speeds and feeds as 
fast as carbide tools can handle. To keep the 
spindle rigid under heavy combination loads, 
it’s mounted on Timken® tapered roller bearings. 















How TIMKEN’ bearings maintain 
spindle rigidity 


Because Timken bearings take radial and thrust loads in any 
combination, they hold spindles in rigid alignment, insure 
precision. And full line contact between the rollers and races 
of Timken bearings provides extra load-carrying capacity, 
prevents breakdowns. 





Want to learn more about 
bearings or job opportunities? 


Many of the engineering problems you'll face after 
graduation will involve bearing applications. For 
help in learning more about bear- 
ings write for the 270-page Gen- 
eral Information Manual on Timken 
bearings. And for information 
about the excellent job opportuni- 
ties at the Timken Company, write 
for a copy of “This Is Timken”. 
The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. 





NOT JUST A BALL © NOT JUST A ROLLER > THE TIMKEN TAPERED ROLLER o> 
BEARING TAKES RADIAL @) AND THRUST -©~ LOADS OR ANY COMBINATION 
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Materials and their preparation 


Preparation of Rubber Insulation 
and Jacket Compounds 


MATERIALS AND THEIR PREPARATION. The materials used in the 
preparation of rubber insulation and jacket compounds may consist 
of natural or synthetic rubber along with mineral rubber and re- 
claimed rubber and the necessary compounding ingredients con- 
sisting of anti-oxidants, fillers, pigments, plasticizers and vulcanizing 
agents. The rubber or rubber-like materials are given a preliminary 
mastication or break-down on rubber mills or internal mixers to 
facilitate subsequent compounding operations. They are stored in 
a suitable form until required for compounding. 

The required compounding ingredients, except the vulcanizing 
agents, used in insulating compounds, are carefully weighed into a 
suitable container. The plasticized rubber or rubber-like materials 
are weighed last. The vulcanizing agents are weighed in a separate 
container, 


COMPOUND MIXING. Rubber insulation and jacket compounds 


snay be mixed on rubber mills or in internal mixers. 
The rubber mill consists of two driven rolls about 28 inches in 


No. 7 in a series 


diameter and from 60 to 84 inches in length. The axes of the rolls 
are held in a single horizontal plane by the mill frame above a suit- 
able pan. Adjustments are provided to control the spacing between 
the rolls. Each roll is equipped—for water circulation—for cooling. 
The rolls rotate in opposite directions in such a manner that the 
surfaces approach each other at the top. The surface speed of the 
back roll is about 1.2 times that of the front roll. This difference in 
surface speed assists greatly in break-down of the rubber and in- 
corporation of the compounding materials. 

The rubber-like materials, and mineral rubber, when used, are 
placed between the rolls first and masticated until so plasticized that 
they form a continuous sheet on the front roll. The solid ingredients, 
except the vulcanizing agents for insulating compounds, are then 
placed on the mill and incorporated in the rubbers. Any solids which 
drop between the rolls are retained in the mill pan and then returned 
to the mill. 

After the solid materials have been incorporated, the batch is 
thoroughly blended by cutting the rubber sheet about half way 
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across the roll from alternate ends and folding it back over the uncut 
portion. This blending may require about fifteen minutes and the 
entire mixing cycle approximately a half hour. After blending, the 
compound is removed from the mill in rolls suitable tor feeding to 
the strainer. 

The internal mixing unit consists of a mixer located above a 
rubber mill. The mixer consists of essentially two rotors with 
spiraled blades rotating in opposite directions at different speeds in 
a closed chamber. The direction of the spiral of the blades changes 
at the middle of the rolls. An air-controlled ram forces the mate- 
rials into the mixing chamber. The mixcd batch is discharged from 
the bottom through a hydraulically operated gate. 

The effectiveness of the internal mixer as compared with the mill 
for breaking down and compounding rubber is evident from a con- 
sideration of its method of operation. In addition to the difference in 
the rate of rotation of the rotors, the interrupted spiral of the blades 
produces a continuous and uniform movement of the compound 


Compound mixing 





from the middle to the ends of the rotors. The walls of the chamber 
are stationary and hence the difference in rate of movement of 
material adjacent to the rotors and the wails is great. These con- 
ditions insure that every part of the batch being mixed will come in 
contact with every other part in a relatively short time. Mixing 
requires about fifteen minutes. After mixing, the compound is dis- 
charged to the mill below from which it is removed in a form suit- 
able for feeding to the strainer. 


STRAINING. The strainer consists essentially of a mechanically 
driven screw located in a cylindrical cast iron housing. The housing 
is provided with an opening for feeding the screw and supports the 
head of the strainer. The head at the outlet end of the screw pro- 
vides a suitable support for a thirty-six mesh screen through which 
the rubber insulating compounds are forced by the screw. The 
strainer operates on the same general principle as the ordinary 
household food chopper. 

The mixed compound is fed into the strainer and forced through 
the screen. Large particles of foreign or undispersed materials are 
retained on the screen. The strained rubber compound is returned 
to a mixing mill or internal mixer where the vulcanizing agents are 
added. The complete insulating compound is then removed from the 
mill in sheets for immediate application to wire or for storage. 
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Jacket compounds are prepared in the same general way as 
insulating compounds except that the vulcanizing agents are incor- 
porated along with the other solid fillers in mill mixing or on the 
sheeting mill of the internal mixing unit. Jacket compounds are 
not strained. 


LATEX COMPOUNDING. Compounding rubber in the form of latex 
involves the handling of rubber in the form of a liquid and, there- 
fore, requires lighter and less costly equipment than that just 
described for the compounding of plastic rubber. In addition to the 
actual preparation of the compound, it invo!ves, for latex insulation, 
the purification of the rubber in latex form. 

Latex rubber is purified by diluting a known quantity of iatex to 
approximately 33 per cent solids and heating to a temperature of 
150°F. in a steel tank provided with a stirrer. The required amount 
of creaming agent, dissolved in water, is then added and the mixture 
stirred. The stirring is discontinued and the warm latex allowed tc 
stand for about 48 hours. The rubber, being lighter than water, rises 
to the top in much the same way that cream separates from milk. 
The bottom layer, the serum containing the major portion of the 
impurities, is discarded leaving the purified rubber in the form of a 
cream in the tank. This process is repeated until rubber ot the 
desired purity is obtained. 

For use in latex compounds, ordinary rubber compounding in- 
gredients are ground more finely, thoroughly protected, and wet 
with water. This is accomplished in a ball mill. A ball mill consists 
of a porcelain lined steel drum, provided with a suitable opening and 
supported with its axis horizontal in such a manner that it can be 
rotated. The cylinder is about half-filled with flint pebbles. 

Definite amounts of the various compounding ingredients, to- 
gether with the required amounts of protective agents and water, 
are then placed in the ball mill and suitably ground. Sulfur, being 
the most difficult material to grind, wet and protect, is milled for 
about three weeks. All the other ingredients require about one week. 

The required amounts of these properly protected and wet in- 
gredients are then carefully weighed and added, along with the 
stabilizers and water, to a known amount of purified rubber, in the 
form of latex. The mixture is stirred for about two hours to insure 
thorough mixing. It is then transferred through a 100 mesh strainer 
to a storage tank until applied to wire. 


Latex compounding 
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electrolysis and | 
associated studies 


by Kenneth Mitzner 


BANK OF CELLS in Lobeth pilot plant clectrolvzes aluminum sulfate to AMOTD 


I. Development of Laws and Theories of Elec- 
trolysis and Ionization 

Electrolytic conductors, or electrolytes, are ma- 
terials which conduct an electric current through 
an actual transfer of matter; this transfer is 
shown by changes in concentration and fre- 
quently by visible separation of material at ei- 
quently by visible searation of material at 
either pole of the conductor. Electrolytes may 
be subdivided into two classes: substances which 
conduct electrolytically in the pure state, such as 
fused salts and solid halides of certain metals, 
and substances which conduct electrolytically 
only in solution. Most common electrolytic solu- 
tions use water as a solvent; however, liquid am- 
monia is also in fairly common use among scien- 
tists, and complicated electrolytic systems using 
such solvents as metallic hydrides and hydrozine 
(N.H,) have been developed. Primarily, electro- 
chemistry is concerned with the behavior of elec- 
trolytic solutions in water. 

Attempts to discover the mechanism of elec- 
trolytic conduction date back to the obsolete 
Grotthus theory of 1806, but no concrete progress 
was made until 1833, In this year, Farady devel- 
oped the theory that an electrolyte consists of 
negatively-charged particles (anions) moving to- 
ward the positive pole (anode) and positively- 
charged particles (cations) moving toward the 
negative pole (cathode). 

At about the same time, Farady also an- 
nounced the laws of electrolysis, which are as fol- 
lows: 

(1) The mass of any substance liberated at an 
electrode during electrolysis is proportional to the 
quantity of electricity passed through the cell. 

(2) When the same quantity of electricity is 
passed through different electrolytes, the masses 
of the substances liberated at the electrodes are 
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proportional to their chemical equivalend weights, 
i. e., the weights of a substance which will com- 
bine with or replace one gram of hydrogen. 

Faraday’s laws hold for dissolved, fused, and 
even solid electrolytes, as long as all conduction is 
of an electrolytic nature. Changes of state, tem- 
perature, concentration, or other conditions have 
no effect on the validity of the laws. Quantita- 
tively, Faraday’s laws be expressed as 

w=ce 
where w is the weight of the substance deposited 
or, if one electrode is attacked during the reac- 
tion, dissolved ; c is the number of coulombs which 
have passed through the circuit; and e is the elec- 
trochemical equivalent of the substance (1/96,- 
500). 

In 1853, Hittorf began experiments to discover 
what part of the current was carried by the an- 
ions and what part by the cations. Electrolytic 
current, unlike electronic current, consists of par- 
ticles of opposite polarity moving in opposite di- 
rections; consequently, it is the sum of the two 
currents. As different ions have different mobili- 
ties (or velocities), the positive current may be 
greater than the negative current or vice versa. 
At first it may seem that in such a case there will 
be more of one kind of ion discharged and the so- 
lution will lose its chemical equilibrium. However, 
examination shows that this is not the case. As- 
sume that the ionic velocities of the cations and 
anions in a soijution are in a ratio of two to three. 
As each cation arrives at the cathode it takes on 
an electron; one of the many anions which are 
concentrated around the anode is discharged to 
make this electron available. As each anion ar- 
rives at the anode, it surrenders an electron which 
passes through the external circuit by displace- 
ment and discharges one of the cations clustered 
around the cathode. Thus five anions and five cat- 
ions are discharged. The cations carry 2/5 of the 
total current and the anions, 3/5. If we designate 
the cation mobility as u and the anion mobility 
as v, we derive the following formula for the 
fraction of the current carried by each type of 
ion: 


t. and t,, the fractions are known as the trans- 
port numbers of the respective ions. 

Hittorf’s experiments, based on the change in 
concentration in the anode and cathode compart- 
ments of a special cell, showed that the transport 
number varies with the type of ion, the tempera- 
ture, and the concentration. Later investigators 
have made corrections in the Hittorf transport 
numbers to allow for the mechanical or chemical 
transportation of water from one compartment to 
another, which throws Hittorf’s concentration 
data off a little bit. 
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Arrhemius’ theory of ionization, proposed in 
1883, is the accepted one today. It states that 
molecules of electrolytes in solution dissociate to 
form ions carrying positive and negative charges, 
so that the number of positive charges equals the 
number of negative charges. These ions have dif- 
ferent properties than the element, properties 
which are characteristic of the ion in any com- 
pound, Radicals do not break up, but a substance 
may ionize in more than one way and form dif- 
ferent radicals. Ions are free to move throughout 
the solution and under the influence of an elec- 
tric current are directed toward the electrode of 
opposite sign. Not all the molecules, but rather a 
considerable portion were assumed by Arrhemius 
to ionize. He considered the degree of dissocia- 
tion to be a function of the concentration of the 
electrolyte, approaching 100% in dilute solution. 
As shall be seen, other factors than concentra- 
tion affect the apparent and actual degree of dis- 
sociation, and some substances are ionized 100% 
even in concentrated solutions. 

Van’t Hoff in 1887 showed that the gas law 
equation with osmotic pressure substituted for 
gas pressure was applicable to dilute solution of 
non-electrolytes but not to solutions of electro- 
lytes. To compensate for this discrepancy, Van’t 
Hoff added another factor to the law. The Van’t 
Hoff factor is the ratio between the number of ac- 
tual particles of solute present in a solution and 
the number of molecules of solute present. For 
example, potassium hydroxide (KOH) ionizes 
completely to form K and OH_é, therefore the 
Van't Hoff factor for a solution of KOH is two, 
for there are two times as many particles as mol- 
ecules. In the case of such strong electrolytes as 
KOH, Van’t Hoff disproved Arrhemius’ theory. 
Given the fraction of molecules which dissociates 
( ) when each dissociated molecule forms 
ions, the Van’t Hoff factor (i) may be found by 
the equation: 


ie ee a 


As the Van’t Hoff factor can be found by boiling 
or freezing point or osmotic pressure measure- 
ments, the formula is usually used to find the de- 
gree of dissociation in the form: 

«= 


cE ng 


Lal 


as found by Van’t Hoff, agreed for weak electro- 
lytes with as found by Arrhemius’ equation 


a4 <= _Ne 


where is the equivalent conductors—that is the 
conductance of that volume of the solution which 
contains one equivalent weight of the solute 
when that volume is in the form of a cylinder one 
centimeter in length with the electrodes as bases 
—of the solution at the given concentration and 
is the limiting value of the equivalent conduc- 
tance for the given electrolyte. Van’t Hoff’s and 
Arrhemius’ formulas are still accurate enough 
for all but the most exact calculation where weak 
electrolytes are involved. 

Van’t Hoff’s work, other experiments, and the 
discovery by means of X-ray studies that salts 
exist in the ionic form even in the solid state, 
won universal acceptance for the basic principles 
of the theory of ionization. However, modifica- 
tions were necessary in the Arrhemius theory. 
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The underlying cause of almost all the weaknesses 
in Arrhemius’ theory is that he assumed the mo- 
bility of ions in an aqueous solution at a given 
temperature was a constant, independent of ionic 
concentration. However, the experiments of Hit- 
torf and others on transport numbers seemed to 
contradict this assumption, at least for a strong 
electrolyte. When experiments with concentrated 
solutions of strong electrolytes indicated an ap- 
parent degree of ionization of more than 100%, 
an absolute impossibility, it became obvious that 
a correction was needed in the theory of ioniza- 
tion. This correction is the Debye-Hueckel theo- 
ory, proposed in 1923 and further corrected by 
Onsager in 1927. This theory takes into consid- 
eration inter-ionic forces which make the solu- 
tion of a strong electrolyte and, to some extent, 
even the solution of a weak electrolyte vary from 
the ieal solution. According to the Debye-Hueckel 
theory, every ion may be considered to be sur- 
rounded by an ionic atmosphere of opposite sign; in 
other words, in equilibrium, there will be around 
a given ion an excess of ions of opposite sign so 
that an equal charge of opposite sign opposes the 
charge of the given ion. These inter-ionic forces, 
even in equilibrium, will have an effect on the 
freezing point, boiling point, osmotic pressure, 
nnd other properties of any electrolyte, although 
in cases of a weak electrolyte the effect is negli- 
gible, When the equilibrium of the solution is 
disturbed by an electric current, the effects of 
the ionic atmosphere are even more important. 
As an ion moves in response to a current, the 
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know how to cut costs 


SIMPLE DESIGN CHANGE 
TO STEEL CUTS COST 
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EFORE any product design is 
accepted, the manufacturer asks, 
“Can it be built for less money?” Un- 
less your designs pass this test they 
are likely to be rejected. 

Knowing how to use welded steel 
gives you the advantage in develop- 
ing any product for lowest cost man- 
ufacture. That's because steel is three 
times stronger than gray iron, two 
and one half times as rigid, and costs 
only a third as much per pound. 
Therefore, where stiffness or rigidity 
is a factor in a design, Jess than half 
the material is necessary. 

Here, for example, is how one re- 
sourceful engineer put these qualities 
to work: 

, iE Fig. 1. Traditional Con- 
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JL 
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ionic atmosphere is disturbed; the atmosphere will be denser be- 
hind the ion than in front of it and as a result a force which op- 
poses the motion of the ion results. Also, there will exist a fric- 
tional force caused by electrophoresis, the motion of the solvent 
molecules as a result of being stricken by ions; as there are more 
ions of opposite than of like sign about a given ion and opposite 
ions strike the solvent molecules the most, the motions of the sol- 
vent molecules opposes the path of the given ion. The friction due 
to electrophoresis is additive to the friction caused by the viscosity 
of the solvent. Consideration of the forces created by the ionic at- 
moshere explains satisfactorily many quantitative and qualitative 
defects in the Arrhemius theory. 

The Debye-Hueckel and Onsager theories lead to a compli- 
cated equation. This equation in its very simplest form as applied 
to a uni-univalent electrolyte is: , _ A. - (A + BAe Ve 


where is the equivalent conductance of the solution, is the limit 
of the equivalent conductance of the electrolyte, A and B are com- 
plicated constants which depend on the: temperature and nature 
of the solvent, and C is the concentration in moles. The Debye- 
Hueckel-Onsager equation is an expansion of the earlier Khol- 
ransch’s law, which states that the equivalent conductance of a 
strong electrolyte in very dilute solutions is a linear function of 
the square root of the contration, or: Aw Ne ~ KE 


Where A’ is another constant depending on the nature of the sol- 
vent and the temperature and C is the concentration in normals. 

The Onsager equation was still not perfect. There were two 

noticeable faults beyond the limits of experimental inaccuracy. 
The first was that some salts gave conductances that were too large 
at relatively high concentrations, although values at lower temper- 
atures agreed with the theory. Shedlovsky in 1932 corrected the 
Onsager equation by the addition of three empirical constants. For 
a uni-univalent electrolyte, the Shedlovsky equation is: 
N\, = A+ ATS - Ce - De loge + EX 
| - BYc 
Onsager equation by the addition of three empirica constants, For 
The other case is where the equivalent conductance is a linear func- 
tion of the square root of the concentration but the conductance is 
less than required by the theory. This discrepancy is caused by 
the fact that Onsager assumed complete dissociation. Corrected 
for incomplete dissociation, the equation is: 
A= *[N. ~ (A+ BA) Vee | 

It will be noticed that is no longer exactly a linear function of 

, but that the term , in which is less than one, will make 
the graph slightly concave. 

Important Rules and Concepts 

Very important are the three general rules of anodic oxida- 
tion in an electrolytic cell: 

(1) If the anode is a base metal, it will be oxidized to form 
ions which go into solution. 

(2) If the anode is a noble metal and the anion is a simple 
non-metallic ion, the anion will be reduced to a free non-metal. 

(3) 1f the anode is a noble metal and the anion contains non- 

metallic elements in their highest oxidation number, hydroxy] ions 
are discharged. 
In the second case, there may be a secondary reaction which the 
substance set free reacts with the water to form comlexions, In 
the third case there is always a secondary reaction in which water 
and oxygen are formed. 

Another important fact is that the conductance of a given aque- 
ous solution increases as the temperature increases. The increase 
in conductance is equal to roughly 2% per degree centigrade, the 
same rate at which the viscosity of water decreases. It thus seems 
that the increase of conductivity is a result, primarily, of the de- 
crease in the internal friction of the solution, 

The two forces of solution tension and solution pressure must 
be understood to explain many observations. Solution tension is a 
tendency of electropositive metals to go into solution in the form 
of a cation, leaving a negative charge on the undissolved metal; 
the negative charge on the metal acts to draw back many of the 
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a ° Jim Hong, Aerodynamics Division head, discusses results 
as ‘s Py of high speed wind tunnel research on drag of 
Pee, ‘ straight and delta wing plan forms with Richard 
af ° Heppe, Aerodynamics Department head (standing), 
and Aerodynamicist Ronald Richmond (seated 
right) . In addition to its own tunnel, Lockheed is 


one of the principal shareholders in the Southern 
California Cooperative Wind Tunnel. It is now being 
modified for operation at supersonic Mach numbers. 


C. H. Fish, design engineer assigned 

to Lockheed’s Icing Researc 

Tunnel, measures impingement 
limits of ice on C-130 wing section. 
The tunnel has a temperature 
range of —40°F. to +150°F. and 
maximum speed o: more than 

270 mph. It is the only icing 
research tunnel in private industry. 





Research Engineer Russell Lowe measures dynamic 
strain applied by Lockheed’s 590,000 Ib. 
Force Fatigue Machine on test specimen of 
integrally-stiffened Super Constellation skin. 


The Fatigue Machine gives Structures 
Department engineers a significant advantage 


in simulating effect of flight loads on a 
structure. Among other Lockheed structures 
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Advanced facilities speed 


Lockheed engineering progress 





%e 
. 
7 
* 
e 
. 
* 
° 
. 
. 
. 
®e 
. 
+ 
° 
. 
*e 
. 
° 
“ 
. 
fe 
Ce 
. 
* 
ee. 
Se 
. 
. 
° 
. 
+ 
. 
7 
7 
. 
. 
. 
fe 
Ce 













: Lockheed’s unmatched research and production facilities help make 
° possible diversified activities in virtually all phases of aviation, 
bs military and commercial. 
s They enable engineers to test advanced ideas which would remain 
Z only a conversation topic in firms lacking Lockheed’s facilities. 
. They help give designers full rein to their imagination. They make 
: better planes — and better careers. 
° Engineering students interested in more information on Lockheed’s 
: advanced facilities are invited to write E. W. Des Lauriers, 
: Lockheed Student Information Service, Burbank, California. 
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ions and cause them to return to the metal and an equilibrium is 
reached. Solution pressure is the characteristic condensation of ions 
on any surface due to the continuous bombardment of the surface 
by the ions in their heat motions as the ions start to condense, they 
carry a positive charge to the surface of the substance and, there- 
fore, very quickly charge it up to a potential such that no more 
positive ions can. reach the surface. Thus equilibrium is also 
reached in solution pressure. 

When a metal is immersed in a solution of its salts the two ten- 
dencies of solution tension and solution pressure oppose each other. 
An equilibrium is established between the sending of ions into so- 
lution and the precipitation of ions from solution. This equilibrium 
is determined by the nature of the metal, the form in which it ion- 
ized, the charge on the metal which pulls the ions back, the tem- 
perature, and the concentration of ions in extent, leaving a nega- 
tive charge on the electrode. Gaseous elements, such as chlorine 
and oxygen also ionize to some extent in solution, yielding nega- 
tive ions and leaving the electrode (usually platinum gauze with a 
mono-molecular layer of absorbed gas with a positive charge.) 
This ionization does not take place directly when the gas is dis- 
solved in water, only when it is first absorbed. 

This brings us to the concept of electrode potential. Equilib- 
rium will be reached between solution pressure and solution ten- 
sion when the difference in potential between the metal and gas 
and the solution of ions is so large that an ion has just enough en- 
ergy to transport a unit positive charge from the zinc to the solu- 
tion; the conditions which are involved in determining this point 
have already been mentioned. 

From a table of standard E. M. F.’s, one can compute the de- 
composition voltage of a compound in a completely reversible elec- 
trolysis reaction. For example, if an approximately molar solution 
of ZnBr, is electrolyzed using platinum electrodes, the electrodes 
will become zinc and bromine electrodes as soon as decomposition 
starts. As the reaction is reversible, the E, M. F. needed to decom- 
pose ZnBr. is the difference between the standard E. M. F.’s of 
zine and bromine. From the electrochemical series, we find that 
zinc has a standard E. M. F. of 0.76 volts and bromine has one of 
-1.06 volts. Therefore, the decomposition voltage, the minimum 
E.. M. F. needed to decompose ZnBr, is 1.82 volts. When the applied 
E. M. F. is less than this, there will be only an extremely slight 
current flowing and no noticeable decomposition will take place. 
When the decomposition voltage is reached, the electrolytic cell be- 
comes a voltaic cell which opposes the applied E, M. F. so that 
Ohm’s law for an electrolytic cell becomes I—E-e/R, where E is 
the applied E. M. F. and e the counter E. M. F. At first the back 
E. M. F. is equal to the decomposition voltage, but, as the applied 
K. M. F. rises, the counter E. M. F. or E. M. F. of polarization 
also rises. The fact that a substance will not decompose until a cer- 
tain applied potential is reached is important in controlling reac- 
tion and separating materials. 

In cases where the electrode reaction is not completely revers- 
ible, the decomposition potential is not dependent on the standard 
E. M. F. of the substance being dissociated.In some cases the coun- 
ter E. M. F. is due almost entirely to concentration polarization. 
This is the change in the concentration of the electrolyte in the im- 
mediate neighborhood of the electrodes. In such cases—for ex- 


| ample, in the electrolysis of CuSO, between pure copper electrodes 
| —stirring the solution of raising the temperature reduce the coun- 


ter E. M. F. by making the concentration more constant. 


Write: THE | Chemical polarization is found in the electrodeposition at the 
DENISON ENGINEERING COMPANY cathode of certain metals—iron, nickel, and cobalt—where the po- 
1218 Dublin Road « Columbus 16, Ohio larization is to a much greater degree than can be accounted for 
Leading Designer and Manufacturer of by concentration polarization. This condition is probably a result 
Hydraulic Presses and Components. of the fact that the electrode process consists of several successive 
reactions and because one or more of these reactions cannot take 

place rapidly enough, under the given conditions, to maintain the 

various substances concerned near their equilibrium concentra- 

tion. In favor of this view is the fact that chemical polarization de- 

creases with a rise in temperature which increases the speed of 
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chemical reactions. In general, it may be stated 
that where one or both electrodes are functioning 
in a manner not completely reversible, as in the 
above two cases or when oxygen is formed from 
the hydroxyl group, the decomposition voltage 
cannot be predicted, even approximately from the 
electrochemical series but must be found by ex- 
periment. 

It has been discovered that whenever the pro- 
ducts of electrolysis of an acid or base between 
platinum electrodes are H, and O, only, the decom- 
position voltage is about 1.7 volts. This indicates 
that the electrode processes are probably always 
identical. It has also been noted that the decompo- 
sition voltage of an HC1 solution between platinum 
electrodes increases with dilution until about 1.7 
volts is reached, at which point the products of 
electrolysis become only H, and O, and that beyond 
this point decomposition voltage does not increase 
at all with dilution. As oxygen is given off in the 
electrolysis of water, the reaction is not completely 
reversible. However, the E.M.F. of a hypothetical 
reversible reaction in which oxygen is evolved has 
been computed, by the relation between free en- 
ergy and E.M.F., to be 1.2 volts. Since in a plati- 
num electrode cell where the current density is low, 
the liberation of hydrogen is reversible and such 
a cell has a decomposition voltage of 1.7, the oxy- 
gen electrode (O, absorbed on platinum) is irre- 
versible to the extent of about 0.5 volt, or the oxy- 
gen is liberated on the platinum at an overvoltage 
of 0.5 volt. This overvoltage increases slightly with 
current density and also depends on the nature of 
the anode material. There is no completely accept- 
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able explanation of oxygen overvoltage, but it is 
assumed by many scientists to be the difficulty of 
creating monatomic oxygen out of O. by catalyst 
and electricity. 

In cases where a solution containing metallic 
ions and hydrogen (actually hydronium) ions is 
electrolyzed, it is evident that the cation which is 
liberated is the one that will give rise to the 
smaller electrode E.M.F. and thus oppose the cur- 
rent the least. It should also be noted that when 
the liberation of a given ion diminishes its concen- 
tration, the cathode E.M.F. will gradually increase 
until it reaches a value corresponding to the libera- 
tion of the other ion. It would seem as if calcula- 
ting the E.M.F. that has to be overcome before an 
ion at a given concentration can be liberated will 
tell which ion will be discharged. However, such 
calculations are not a true indication in many 
cases, for the deposition of even the slightest 
amount of the metallic ions on the platinum cath- 
ode will turn it into a cathode of the other metal. 
There is always such a deposition to a very slight 
extent, even with alkali metals. On the altered 
cathode, the hydrogen reaction is not completely 
reversible and there is hydrogen overvoltage 
which, in the case of metals as high in the electro- 
chemical series as zinc, may be so great that it is 
easier to liberate the metallic ions than the hydro- 
gen ions. Naturally, when the cathode is originally 
of the same metal as the ions or of another base 
metal, the chances of the metallic ions being de- 
posited are greater. Indeed, sodium can be obtained 
by electrolyzing a sodium chloride solution with a 


mercury cathode. 


| 


In the electrolysis of molar 
HC1 with platinum electrodes, 
the back-E.M.F. will be 1.36 
volts. If FeCl, is added to the 
cathode solution, the cathode 
process will change from the re- 
duction of H+ to hydrogen mole- 
cules to the reduction of Fe+++ 
to Fet, for the E.M.F. of a fer- 
rous-ferric electrode is lower 
than that of a hydrogen elec- 
trode, —0.78 compared to 0. As 
long as any appreciable amount 
of ferric ions are present, the 
sole cathode process will be the 
reduction of the ferric ions and 
there will be no hydrogen gas 
evolved. The total back-E.M.F. of 


—0.58 volts, much less than the 
original back-E.M.F. In this case 
the ferric salt is said to be a 
depolarizer for the cathode. Add- 
ing a ferrous salt to the anode 
brings about oxidation of the 
ferrous ions with no evolution of 
either chlorine or oxygen and 
also a further drop in the back- 
E.M.F. Thus the anode is de- 
polarized. Naturally, a depola- 
rizer would normally be used 
only in one compartment to cut 
down the back-E.M.F. while al- 
lowing the reaction at the other 
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electrode to go on undisturbed. Electrochemical reduction and oxi- 
dation, including such processes as the two just described with salts 
of iron are very important in industry. Using them, products can be 
obtained in a more direct manner and in a purer state than other- 
wise. 
If there is only a slight difference in the E.M.F.’s or polariza- 
tion of two metallic ions, both will sometimes plate out. It has been 
found that the addition of potassium cyanide to certain pairs of 
metallic ions will change their E.M.F.’s so that they plate out to 
form an alloy. ; 

Electrolysis would be a good deal easier to understand were it 
not for the formation of complex ions such as hydronium, ferricya- 
nide, and argentammine. These complex ions may be noted in cases 
where the addition of a substance increases rather than decreases 
the solubility in water of another substance having a common ion. 
In fact, the solubility of any sparingly soluble salt can be increased 
by the addition of any substance which is able to remove the simple 
ions is the form of complex ions. Some substances dissociate to form 
both complex and simple ions, as in the case of cadmium iodide 
which ionizes according to the equation in dilute solutions: As the 
solution becomes more concentrated, the compound begins to break 
up partially according to the following equation: 

2CdI, Cdt++ + Cdl, 

When the concentration is high enough, there are so many Cdl, 
ions that under the influence of an electric current, the apparent 
transport number of cadmium becomes minus, meaning that more 
is flowing to the anode as Cdl, _ than is flowing to the cathode as 


Cdt++, 
III. VARIOUS ELECTROLYTIC CELLS 

The coulometer is a very interesting form of electrolytic cell 
which is used as an instrument for determining the quality of elec- 
tricity which flows through a circuit. The silver coulometer used in 
determining the faraday and in extremely precise experiments is 
the most accurate coulometer. It consists of an anode of pure silver 
with a large area so that the current density does not exceed 0.2 
amperes per square centimeter. The anode is inserted in a porous 
cup or surrounded by a glass vessel to prevent particles of silver 
from flaking off and falling on the cathode. The cathode is a plat- 
inum cup of area so that current density is less than 0.02 amps/cm.’. 
The electrolyte is silver nitrate solution. The silver coulometer is 
connected in series in a circuit and the current causes silver to 
deposit out on the cathode. The weight of the deposited silver will 
give the amount of current within 0.004% if the proper precautions 
are taken. A simplified silver coulometer determines the amount of 
silver dissolved in a potassium nitrate solution when a current is 
passed through it; it gives results accurate to 0.1%. Other coulo- 
meters use iodine, copper, sodium, and mercury as the element which 
is dissolved and deposited. 

Another interesting cell is the one used in determining trans- 
port numbers by the Hittorf method. The simplest Hittorf appa- 
ratus in an H-shaped tube with stopcocks at the bottom of both 
vertical tubes and electrodes made of various materials depending 
on what is being tested and how accurate the results must be. The 
apparatus is filled with the experimental solution and the electrodes 
are connected in series to a coulometer and a source of current. 0.01 
to 0.02 ampere is the amount passed for two to three hours. At the 
conclusion a sufficient quantity of solution, containing all that is be- 
lieved to have changed in concentration is run off slowly from each 
limb and analyzed. Then a further portion is removed to serve as a 
control; this portion should have the same concentration as the 
original solution. Analysis of the electrode solutions and measure- 
ment of the metallic deposit in the coulometer give enough data to 
compute transference numbers. More complicated and accurate 
equipment has been made, including cells which indicate the trans- 
port of solvent molecules by indicators, membranes, or moving 
boundaries. 

_ There are hundreds of other types of electrolyte cells, some 
simple as the one in which copper is purified and some extremely 
complicated as the various nitrobenzene reduction cells. Only a few 
moderately complicated cells have been discussed here. Indeed, elec- 
trolysis is such a great field, volumes could be written without com- 
pletely covering it. 
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TRANSISTOR & 


DIGITAL COMPUTER 


TECHNIQUES 


applied to the design, development 
and application of 


AUTOMATIC RADAR DATA 
PROCESSING, TRANSMISSION 


AND CORRELATION IN 
LARGE GROUND NETWORKS 





ENGINEERS 
& 
PHYSICISTS 





Digital computers similar to the successful 
Hughes airborne fire control computers 
are being applied by the Ground Systems 
Department to the information processing 
and computing functions of large ground 
radar weapons control systems. 


The application of digital and transistor 
techniques to the problems of large ground 
radar networks has created new positions 
at all levels in the Ground Systems Depart- 
ment. Engineers and physicists with experi- 
ence in the fields listed, or with exceptional 
ability, are invited to consider joining us. 





fields include 


TRANSISTOR CIRCUITS 
DIGITAL COMPUTING NETS 
MAGNETIC DRUM AND CORE MEMORY 
LOGICAL DESIGN 
PROGRAMMING 


VERY HIGH POWER MODULATORS 
AND TRANSMITTERS 


INPUT AND OUTPUT DEVICES 
SPECIAL DISPLAYS 
MICROWAVE CIRCUITS 








RESEARCH AND 


DEVELOPMENT LABORATORIES 





Culver City, Los Angeles County, California 






CRESCENT 


IMPERIAL NEOPRENE PORTABLE CABLES 


SH-D 5000 Volt Trailing Cable 


These cables are made for services up to and including 5000 volts and are 
recommended for use where a tough, flexible cable is required for transmit- 
ting power to movable electric equipment such as shovels, dredges and cranes. 
They also are useful where a portable cable is desired for temporary or emer- 
gency transmission of power such as during construction work. 


CRESCENT INSULATED WIRE & CABLE CO. 
TRENTON, NEW JERSEY 
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To assist managements in answering such 

, ‘ : _— questions, The Ramo-Wooldridge Corporation 

In production control 2 Payrd “a through its Computer Systems Division, offers 
on7° 9 a " a to business and industry the consulting services 

Customer billing: C : of a team of scientists, engineers and business 
Factory automation: . Ps F methods and procedure analysts experienced 

r a in the application of modern analytical and 

, iakokelalial-Mail-tialeloc me AAliaMmaloMt-tol'll olail-tal meh Mtial-t] 

own to sell to non-military customers, but with 


What make of equipment is best? understanding of available. machines and 


e techniques, this group is.in a position to be 
What changes un company methods and objective in its Stan OR 

procedures would be required? Other activities of the Computer Systems Divi- 
sion include q program of development of an 
advanced type of digital computer for military 
fey eo) ixohilolar Mme lale mle] o\-1cehi lola Moh mm ial- ofolasloloia 
own contputing center, consisting of extensive 

general-purpose computing equipment 
These activities comprise a part of the 
program whereby The Ramo-Wooldridge 


Corporation seeks to maintain broad coverage 


The Ramo-Wooldridge Corporation Rgiamaiaie tensions 


8820 BELLANCA AVENUE, LOS ANGELES 45, CALIFORNIA 





| helicopt 
flight in the United States. 
Hundreds of later Sikorsky’s 

aol — 


You might find — in Sikorsky Aircraft’s Tee ae 
research departments, drafting rooms, Sikorsky’s will be built 
cae te ipa a pod 8 tee py Me 
portunity in this young, growing most ps you at 
interesting field of aviation. Consult your aus our Gat a 
Placement Office concerning ar- will be continually challeng, 


pcs tn for a personal interview. 
IKORSKY 


Sikorsky Aircraft, one of the divisions of United Aircraft Corporation, South Avenue, Bridgeport 1, Conn. 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Cambridge, Massachusetts 


The MASSACHUSETTS INSTITUTE OF TECHNOLOGY offers the following Professional Courses: 


School of Architecture and Planning 


Architecture 


Aeronautical Engineering 
Building Engineering and Construction 
Chemical Engineering 
Chemical Engineering Practice 
Civil Engineering 
Options: Theory and Design 
Planning and Administration 
Construction and Management 
Electrical Engineering 
Options: Electric Power 
Electrical Communications 
Electronic Applications 


Biochemical Engineering 

Chemical Biology 

Chemistry 

Food Technology 

Fvod Technology—Five Year Course 
General Science 


School of Humanities and Social Studies 


Economics and Engineering 
Courses: Based on Mechanical Engineering 
Based on Electrical Engineering 
Based on Chemical Engineering 


The duration of each of the above undergraduate Courses is four academic years and leads to the 
Bachelor’s degree, with the following exceptions: (1) Architecture, which is a five-year course leading to 
the Bachelor’s degree; (2) Chemical Biology, Food Technology (Five Year Course), Physical Biology, and 
the Cooperative Course in Electrical Engineering, which extend over a period of five years and lead to 
the Bachelor’s degree and the Master’s degree; (3) Science Teaching, which is of five year’s duration and 
leads to the degree of Bachelor of Science from the Massachusetts Institute of Technology and the de- 


City Planning 


School of Engineering 


Electrical Engineering-Cooperative Course 
General Engineering 
Marine Transportation (suspended 1952) 
Mechanical Engineering 
Metallurgy 

Options: Metallurgy 

Mineral Engineering 

Meteorology 
Naval Architecture and Marine Engineering 


School of Science 


Geology 

Geophy ics 
Mathematics 
Physical Biology 
Physics 
Quantitative Biology 
Science Teaching 


School of Industrial Management 


Business and Engineering Administration 
Courses: Based on Physical Sciences 
Based on Chemical Sciences 


gree of Master of Arts in Teaching from Harvard University. 


Graduate study may be pursued in Textile Technology, Ceramics, Sanitary Engineering, and in most 
of the above professional Courses. The Master’s and Doctor’s degrees are offered in most of these fields. 


For information about admission, communicate with the Director of Admissions. 


The Catalogue for the academic year will be sent free on request. 
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PHOTOGRAPHY AT WORK—No. 8 in a Kodak Series 


miteliexel cel lan 
shows prospects 


how their new service stations are 
going to look and operate 


Alemite sets up scale models of their 
service station equipment on the customer’s own floor plan—photographs them— 
and portrays the new custom-built station ready for action 


mae s don't just pull lube racks, grease pumps 
and other service station equipment out of a sam- 
ple case. They're far too big—far too bulky. Besides, 
final location and arrangement count heavily in how 
well they are going to work out. 

The Alemite Division of Stewart-Warner solves the 
problem with photography. Prospects see new service 
station equipment virtually right in theirown premises. 


It works this way. The salesman sends in a rough 
sketch of the space available, with windows and 
columns marked. Experts fit exact replicas of racks, 
lifts, and other equipment to the plan, then put the 
camera to work. The customer pictures his new sta- 
tion—modern, efficient, handsome—and the sale is 
well on its way. It’s an idea for any company with 


bulky products to sell. Photography is a great sales- 
man for any business, large or small. And it's very 
much more. It works in all kinds of ways to save time, 
cut costs, reduce error and improve production. 


Graduates in the physical sciences and in engi- 
neering find photography an increasingly valuable 
tool in their new occupations. Its expanding use 
has also created many challenging opportunities at 
Kodak, especially in the development of large-scale 
chemical processes and the design of complex pre- 
cision mechanical-electronic equipment. Whether 
you are a recent graduate or a qualified returning 
service man, if you are interested in these opportuni- 
ties, write to Business & Technical Personnel Dept., 


Eastman Kodak Company, Rochester 4, N. Y. 


Eastman Kodak Company, Rochester 4, N.Y. 





JOHN B. NOLTE, Purdue University ’54, asks: 


“What is G.E.’s 
Manufacturing 


Training Program? " 


The Manufacturing Training Program at General Electric 
is a program of basic training for manufacturing leader- 
ship, including planned rotational work assignments and 
related classroom study for outstanding young men who 
are interested in a career in manufacturing. It was or- 
ganized to meet the increased demand for effective manu- 
facturing leadership and technical “know how,” in line 
with the expansion and development of the Company’s 
operations by developing trained men to fill future key 


positions in the organization. 


Who is eligible for this program? 

In general, the Program is open to college graduates with 
degrees in engineering and science, and a limited number 
of business administration and liberal arts graduates. We 
are looking for outstanding young men with sound 
educational backgrounds, well-balanced _ personalities, 
demonstrated thinking abilities, and having the potential 
to develop toward top level responsibility in key assign- 


ments. 


How long is the program? 


The normal length of the Program is three years. Assign- 
ments are normally 6 months in duration and provide 
experience opportunities in diversified manufacturing 


operations. Geographical moves occur at annual intervals. 


What type of work assignments are made? 


Work assignments are provided in all phases of manu- 
facturing and related functions so that each man will 
acquire knowledge of manufacturing engineering, in- 
cluding manufacturing methods and techniques, shop 
operation, production control, personnel administration, 
labor relations, engineering activities, sales and manu- 
facturing co-ordination, and general business administra- 
tion. 

In addition to job assignments, related study courses 


cover such subjects as Company organization, manufac- 
turing operations, labor and personnel relations, business 
administration, law and relationships between manu- 
facturing and other functions of the business. Progress 
on the job and in classroom work is carefully observed 
and reviewed periodically with each man to assist him 


in his career. 


What happens after training is completed? 

\fter completing the training program, graduates are 
placed in operating departments and divisions throughout 
the Company in positions where leadership and initiative 
are needed. All placements are made in relation to the 
aptitudes, abilities, and interests of the graduates. 

At General Electric, manufacturing operations involve 
the administration and supervision of activities of more 
than 100,000 men and women in more than 100 plants, 
who are involved in the making of some 200,000 different 
products. 

The wide scope of these activities, the great variety of 
products, and the diversity of manufacturing activities 
offer limitless opportunities and exciting challenges to 
college graduates today. 

Manufacturing training is a foundation for leadership 
and an opportunity to build a satisfying, rewarding 
career in one of America’s most important industries. 


If you are a graduate engineer, or a graduate with definite 
technical inclinations that include an interest in the career 
possibilities in manufacturing, see your college placement 
director for the date of the next visit of the General Electric 
representative on your campus. Meanwhile, for further informa 
tion on opportunities with General Electric write to Manufacturing 
Training Services Section, Bldg. 36, General Electric Company, 
Schenectady 5, New York. 
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